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Abstract
Problem: The Centers for Disease Control and Prevention indicates that falls are the “leading
cause of injury death and the most common cause of nonfatal injuries and hospital admission for
trauma among people ages 65 and older.”1 Falls can have significant economic consequences to
the individual and payer sources. To address these consequences, telerehabilitation was
hypothesized to be a suitable supplement for fall screening efforts. Several sources concluded
that support for synchronous telerehab was underdeveloped in the literature. Purpose: The
purpose of this study was to explore the acceptability, feasibility, reliability, and validity of
telehealth-delivered fall screening among community-dwelling older adults. Procedures: This
investigation implemented an experimental, quantitative, cross-sectional design employing both
pretest-posttest control group and quasi-experimental static group comparisons using nonprobability sampling. This study assembled a panel of experts to provide content validation for a
survey tool developed to quantify an older adult’s behavioral intension to use and attitudes
towards a telerehabilitation delivery system. Seven fall screening tools were investigated for
agreement among remote and face-to-face raters, and for comparison with the face-to-face
reference standard (Mini-BEST). Results: All three null hypotheses were rejected. Results
indicate that a telerehabilitation delivery system is a reliable and valid method of screening and
determining fall risk in community-dwelling older adults. This study produced a content
validated, internally consistent survey instrument designed to determine attitudes and beliefs
about telerehabilitation. An experimental design was able to demonstrate a positive significant
change in 4 of 7 survey constructs among the intervention group after exposure to
telerehabilitation as compared to post-test controls. Overall, no significant difference was
calculated between face-to-face or telerehab raters, and both environments produced equivalency

with scoring, fall risk classification, and ability to discern fallers from non-fallers. Results from
the telerehab STEADI fall risk conclusions were calculated to be concurrently valid with the
face-to-face reference standard screening tool, the Mini-BEST. Conclusions: This investigation
expanded the array of remote healthcare delivery options for clinicians and clients. Further
investigation in residential and community settings are recommended.
Keywords: Telerehabilitation, Elderly falls, Telehealth, Technology acceptance
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CHAPTER ONE: INTRODUCTION
Introduction
Telehealth is defined as the delivery of health-related services and information via
telecommunications technologies.2 Telehealth services can refer to the provision of synchronous
(real-time) or asynchronous (store-and-forward) services that bridge a remote site (provider) with
an originating site (recipient). The scope of telehealth applications in the literature ranges from
distance consultations provided by specialists, robotic surgeries, and education and training of
healthcare practitioners to the monitoring and education of patients.3-7 Under telehealth, clinical
and medical services provided by telecommunication are known as telemedicine while
rehabilitation services delivered by telecommunication are known as telerehabilitation.
Telerehabilitation or “telerehab” is an evolving subcategory of telemedicine, and one that
directly relates to this investigation. Broadly speaking, the practice of telerehab can refer to any
remote assessment, monitoring, or intervention performed by a licensed occupational therapist,
physical therapist, or speech-language pathologist.2
Falls among the elderly have become a national and international public health crisis.
Each year, the U.S. spends billions of dollars treating the sequelae of injurious falls. Overall, the
U.S. lacks a sustainable model for the provision of cost-effective healthcare services to older
adults. Furthermore, elderly adults who cannot access health care services because they are
homebound, without transportation, and/or live in rural areas are at a distinct disadvantage
compared to those who do. Although not specific to the remote fall screening of older adults, a
systematic review by Kairy et al concluded that evidence does exist in support of the effectiveness and efficacy of telerehabilitation.8 Several sources, however, concluded that support for
synchronous telerehab by a physical therapist was underdeveloped in the literature.2,9-11 A
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foundational 2012 American Physical Therapy Association (APTA) publication by Lee and
Harada identified 117 articles related to telerehabilitation and physical therapy. These authors
stated that the majority of the articles were conceptual or descriptive in nature, and few studies
investigated the reliability, validity, or cost-effectiveness of telehealth-delivered physical
therapy.2 A panel of experts who presented at a 2013 APTA conference reported that a PubMed
search of “telerehabilitation” in the title or abstract revealed 165 articles within 58 unique
journals. The majority of the panelists categorized articles reviewed as opinion/discussion/review
or technical. Nonetheless, the number of randomized clinical trial (RCT) publications in
telerehab have trended upward since 2010.10 Despite the limited evidence of telemedicine’s long
term efficacy and universal acceptance by end-users, the field of telemedicine has experienced
tremendous growth in the 21st century. The American Telemedicine Association (ATA) indicated
there are now approximately 200 telemedicine networks in the United States (U.S.). The ATA
further estimated these networks correspond to nearly 3,500 medical and healthcare institutions
throughout the country.12 Although telehealth is hypothesized to be a cost-effective alternative or
supplement to traditional face-to-face healthcare, further evidence is still needed to support its
clinical application.
Problem Statement and Purpose
1. While telehealth delivery systems have demonstrated the potential to assist with the
screening for and the prevention of elderly falls, its validity and reliability in doing so has
not yet been established.
2. While telehealth may be an option for some individuals, little is known about the
attitudes and beliefs of older adults with regard to receiving telecommunications-aided
healthcare services and whether or not those attitudes and beliefs would be influenced by
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a telerehab experience. Older adults, as end users, may not be receptive to the use of realtime telehealth delivery systems.
3. Each year, the U.S. spends billions of dollars treating the sequelae of injurious falls, and
the U.S. lacks a sustainable model for the provision of cost-effective healthcare services
to older adults. Telehealth services may provide solutions to this, but research-based
supportive evidence is lacking.
Purpose: The purpose of this study was to explore the acceptability, feasibility, reliability, and
validity of telehealth-delivered fall risk and mobility screening in an older adult population.
Relevance and Significance
The cost of healthcare has a tremendous impact on the United States economy. It is
estimated that healthcare represents approximately 19% of our gross domestic product. Rising
healthcare costs are partly attributed to a shift in population demographic with older adults
representing the largest consumer group of healthcare services.13 Falls among the elderly have
become a national and international public health crisis. The World Health Organization (WHO)
reported that the frequency of falling increases with advancing age and frailty levels.14 In the
United States (U.S.), the Centers for Disease Control and Prevention (CDC) listed older adult
falls as a high priority area of research. In fact, the CDC indicates that falls are the leading cause
of injury death and the most common cause of nonfatal inquiries and hospital admission for
trauma among people ages 65 and older.1
Falls can have significant economic consequences. The total direct cost of all non-fatal
fall injuries in the U.S. for people 65 and older increased from $19 billion in the year 2000 to
$31 billion in the year 2015.15,16 Projections prior to the Balanced Budget Act of 1997
highlighted the potential financial toll of falls on the U.S. healthcare system to be $54.9 billion
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based on population aging and cost amortization by the year 2020.17 Although these financial
projections pre-date the Patient Protection and Affordable Care Act (ACA) of 2010, national
health expenditures (NHE) as a percent of Gross Domestic Product (GDP), were projected to
continue to rise. NHE as a percent of GDP was projected to be 20.8% under the pre-ACA laws,
whereas NHE was projected to rise to at least 20.9% GDP by 2019 under the ACA laws.18 The
Centers for Medicare and Medicaid Services (CMS) should explore creative options to curb the
rising costs of caring for the elderly.17 Remote consultations have the potential to meet this need.
Healthcare research and public policy recently began to focus on the prevention of
elderly falls, in part because the Census Bureau projects the elderly population to grow and reach
80 million by the year 2050.18 Examples of elderly falls gaining greater national attention are 1)
a March 2014 search of the PubMed database revealed 2845 search results from key words “fall
prevention” and “elderly” when filtered from 2004 to 2014,19 and 2) the CDC developed a multifactorial fall prevention toolkit, the Stopping Elderly Accidents, Deaths & Injuries (STEADI).20
Telerehab has the potential to reach older adults who reside in geographically or medically
underserved regions and to provide a cheaper alternative to the traditional medical model.
Finkelstein et al reported a 20-54% savings when comparing face-to-face and virtual monitoring
of patients who possessed cardiac and pulmonary diseases.21 Using a similar population, De San
Miguel et al demonstrated an average annual cost savings of $2,931 as a result of reduced
incidence of emergency department access and hospitalizations among clients who consented to
and received telehealth monitoring.22 Screening tools have the potential to also benefit older
adults who are not geographically displaced or medically underserved.
According to the National Council on Aging, it was estimated that over 1 million older
adults attend over 11,000 senior citizen centers across the U.S.23 Furthermore, a 2002 ABC News
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poll estimated that 60% of all adults age 65 and older attend church or gather in a place or
religious worship each week.24 These two statistics support the idea that fall screening initiatives
can potentially be implemented in multiple sites, and providers can gain access to a larger
population of older adults in the community compared to the traditional medical referral and
appointment model.
Research supports the hypothesis that preventative health behaviors are influenced if
individuals at risk believe the behaviors can have serious consequences, if they regard
themselves as susceptible to these behaviors, and if they perceive no inconveniences or
unpleasant barriers for action.25 Psycho-behavioral models have been applied to conditions such
as obesity to better understand patterns of patient behavior.26 However, research has shown that
knowledge of a health risk was insufficient to change patterns of health behaviors or motivations
to participate.25,26 Social Cognitive Theory (SCT) supports the impact of one’s environment and
the individual person as determinants of behavior. Based upon this brief description of SCT, the
influence of peers including the impact of patterns and schedules such as health screening
activities that are available at a senior citizen center, for example, are likely to positively
influence preventive health behaviors of individuals and small groups of community-dwelling
adults.26
Baranowski et al further discussed the social marketing method of promoting positive
changes in health behaviors rather than trying to understand preventative health behaviors. A
focus of social marketing offered members of a group (i.e. older adults attending gatherings at a
community center) a package of benefits and availability of resources that minimize barriers to
performing desired behaviors such as participating in fall-risk screening examinations from a
licensed physical therapist. As this telerehabilitation study proposal exemplifies, the primary
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benefits of social marketing is on members of the target group (older adults) rather than the
marketers (remote clinicians).27
Social isolation and homebound status are linked with geriatric depression and elevated
fall risks.28,29 Social support systems can mitigate geriatric depression, and depression was
negatively correlated with health-promoting behaviors in older adults.30 Telerehabilitation has
the potential to improve access to rehabilitation service providers. Telemedicine systems have
been shown to benefit older adults by increasing peer support interactions, providing access to
older adults in rural communities, reducing the cost of health care, increasing exercise, reducing
pain and depression, and perhaps most important, improving functional independence.13 Overall,
the literature supported a theoretical screening model that older adults are more likely to
participate in fall risk screening exams when among peer groups and when integrated into
locations and events where they normally congregate.
As previously stated, the foundational purpose of this dissertation was to explore the
acceptability, feasibility, reliability, and validity of telehealth-delivered fall risk and mobility
screening in an older adult population. By definition, acceptable care is healthcare that is
accessible and meets patient preferences.31 Is it possible that performing medical screening
activities in locations where groups of older adults routinely gather was not only acceptable to
the client but also feasible for the provider? This question is fundamental to the public health
problem addressed in problem statement number 3 (Each year, the U.S. spends billions of dollars
treating the sequelae of injurious falls, and the U.S. lacks a sustainable model for the provision
of cost-effective healthcare services to older adults). The Cambridge Dictionary defines feasible
as possible, reasonable, or likely.32 Because healthcare screening is not usually reimbursed by
CMS, telerehabilitation services to Medicare beneficiaries are pro-bono unless an alternative
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cash-based payment is arranged. Although healthcare providers have ethical duties to provide
pro-bono services, these non-reimbursed services must also be reasonable to the provider. That
being said, a clinician may consider telehealth more reasonable, and therefore, feasible if he or
she can perform some services remotely to eliminate time and costs associated with driving to
clients33 and potentially canceling clients at their office or clinic. These provider attitudes were
supported in the literature. Perceived usefulness is a significant predictor of provider intention to
use telehealth technologies.34 What was not clear in the literature was an older adult’s perceived
usefulness of a telerehabilitation delivery system and how exposure to a fall screening session
impacts baseline attitudes and beliefs regarding this technology application.
To prevent falls, healthcare providers need reliable and valid methods from which they
can detect one’s fall risk in advance of an injury. Furthermore, healthcare providers need access
to older adults who, by nature of their age, are at an elevated risk for falls compared to those
under age 65.35,36 Valid fall screening tools should demonstrate strong psychometric properties to
minimize false negative rates while also maximizing true positive rates.37 There are several valid
and reliable fall screening tools for clinicians to consider. Among the more commonly used
standardized tools are the Berg Balance Scale (BBS), Balance Evaluation Systems Test
(BESTest), Dynamic Gait Index (DGI), Tinetti Performance Oriented Mobility Assessment
(POMA), and Timed-Up and Go Test (TUG). For providers to implement these standardized
screening tools and theoretically reduce the rates of and expenses associated with elderly falls,
older adults need greater access to clinicians who are trained in these specialties.
Telemedicine has been shown to enhance provider contact with older adults who reside in
rural communities.13 To that end, methods of fall screening selected by healthcare providers
should be acceptable to care recipients. As Stronge et al agreed, it would be an oversight to select
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advancing technologies such as telemedicine without first considering the needs of end-users.13
Telehealth delivery systems, if acceptable to the end-user, have the potential to provide older
adults greater access to licensed physical therapists. Providers have a fiduciary duty to select
tests and measures that are safe, potentially effective, and are reasonable for a given health
condition or risk factor. Not all commonly-used fall screening tools can be safely administered
by a remote healthcare provider. Some tests and measures require equipment that is not readily
available at originating sites. The appropriateness and potential generalizability of standardized
fall screening tools to a telerehab delivery system is outlined in Chapter 2.
Fall risk screening or early detection is an important process in preserving the functional
independence of older adults.38 Loss of independence with ambulation, activities of daily living,
and transfers leads to long-term medical, social, and economic consequences.38 Loss of
functional independence may lead to institutionalization where fall rates double as compared to
rates among community dwelling older adults.39 When fall rates rise, costs associated with
follow-up medical care also rise.16,36 As previously mentioned, there is a battery of screening and
outcome measurement tools available for healthcare providers to categorize an older adult’s fall
risk. Newly developed, revised, and classically-used screening and outcome tools are readily
critiqued and referenced in the healthcare literature, various American Physical Therapy
Association (APTA) taskforces (Stroke EDGE [Evaluation Database to Guide Effectiveness],
MS EDGE, Geri EDGE, etc.), Clinical Practice Guideline workgroups, and APTA Section
programming at national conferences.40 What was not known was if these tools can be safely and
effectively generalized to a telerehabilitation delivery system.
In summary, our healthcare system is in need of cost-effective supplements to traditional
face-to-face care. Lack of recognized need for preventive health screenings, lack of
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transportation, medical staffing shortages, geographic and financial barriers including
reimbursement have all been cited as barriers to consistent access to traditional face-to-face
healthcare.41 Given these well-known barriers to care, a potential benefit to current and future
telehealth applications is access to care.33,42 In general, older adults who reside in rural areas are
more likely to lack access to comprehensive healthcare. Americans who reside in rural regions
are also more likely to lack health insurance and have higher rates of chronic diseases, disability,
and subsequent risk factors associated with injurious falls.41,43 Statistical evidence indicates that
healthcare access and overall health outcome disparities exist between residents of rural versus
urban regions within the U.S. These health and wellness statistics are further impaired for those
individuals who are categorized as rural, homebound, and elderly.28,43,44 Despite these regional
disparities, groups of older adults are likely to gather at community centers or places of worship
similar to their urban counterparts. To help meet societal needs, numerous medical specialties
such as telepsychiatry, teledermatology, teleopthamology, telenursing, and teledentistry have
evolved and are developing evidenced-based practice guidelines to assist with cost, access, and
health disparity barriers.45-53 Physical therapists provide valuable services that restore health and
function but are often underutilized for prevention and wellness services. Access to physical
therapy services is a key component in preventing recurrent and injurious falls in the elderly. The
potential benefit and role of a remote physical therapist and end-user acceptance in the evolving
field of “telerehabilitation” needs further investigation.2,13,54
Practical Application of the Findings
This investigation was consistent with legislative directives outlined in the Patient
Protection and Affordable Care Act (PPACA) of 2010. The PPACA directs the new Center for
Medicare and Medicaid Innovation (CMI) to explore, as care models, how to facilitate care at the
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inpatient, home health, and integrated healthcare levels.55 An example of an integrated healthcare
model is an Accountable Care Organization (ACO). The Centers for Medicare and Medicaid
Services (CMS) defines an ACO as groups of doctors, hospitals, and other health care providers
who come together voluntarily to give coordinated high quality care to the Medicare patients
they serve.56 Since the major public health goals of an ACO are timely, coordinated care while
also preventing medical errors and avoiding unnecessary duplication of services,
telerehabilitation delivery systems may be instrumental to this integrated care model where
quality care and cost savings are the focus. Regardless of these potential applications, research
about telerehabilitation has evolved but remains underdeveloped.10
Studies such as this investigation may provide important information to further telehealth
advocacy efforts and evidenced-based knowledge for consideration by clinicians and payers.
Results of this investigation could lead to future opportunities for prospective, physical therapistled collaborative research, as well as interprofessional recognition of physical therapists as
primary care practitioners. Actualizing this recognition was key to the APTA’s previous vision:
Vision 2020.57 The lack of reimbursement for telehealth services by a physical therapist,58
regardless of the originating site, is in conflict with the APTA’s new vision statement
(transforming society by optimizing movement to improve the human experience)57 and position
statement on the use of telehealth in physical therapy practice.59 Currently, the American
Physical Therapy Association (APTA) does not provide telehealth practice guidelines for
clinicians in the Guide to Physical Therapy Practice.60
The establishment of outcome-based telerehab care models could be a first step to
convincing legislators to reimburse physical therapists for remote services, and therefore,
motivate healthcare organizations to invest capital into building and staffing synchronous tele-
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monitoring systems. This could assist the estimated 46.1million Americans who have limited
access to healthcare services because they reside in areas considered rural,61 and the 50+ million
Americans who are either uninsured or underinsured.41,62 Because these individuals are unable to
consistently access licensed healthcare providers, routine assessments such as physical exams
and likely balance screens are not performed to medical standards.41 Research data also indicates
that despite the volume of face-to-face healthcare expenses that occur in the United States, fall
incidence is underreported by older adults.63,64 Furthermore, primary care physicians are not
evaluating or managing fall risks at the frequency that is needed to reduce this public health
dilemma.65 Fortinsky et al investigated the extent to which healthcare providers addressed
evidenced-based fall risk factors and barriers to the healthcare interventions in response to
identified fall risks. Results indicate that 82-85% of patients who presented with gait, transfer,
and/or balance disorders received direct interventions, but only 58-61% of patients with foot,
footwear, sensory, or perceptive disorders received direct interventions. Patient compliance was
reported as the most common barrier to direct interventions, but lack of Medicare reimbursement
and availability of healthcare providers were also cited as common barriers to direct fall risk
interventions.66 No comparable investigations were discovered in the telehealth literature.
Neither the CDC nor the American Geriatrics Society/British Geriatrics Society
(AGS/BGS) Clinical Practice Guidelines specify the frequency of fall risk screening
examinations. However, the CDC Stopping Elderly Accidents, Deaths & Injuries (STEADI)
initiative provides an Algorithm for Fall Risk Assessment and Intervention that infers people 65
and older should receive a fall screening exam at least annually or upon report of a fall
incident.20 This algorithm is available on the CDC website. Regardless of the timeframe from
which fall screening examinations such as the STEADI are conducted, telerehabilitation is a
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resource worthy of investigation so that older adults potentially have greater access to healthcare
providers such as physical therapists.
While simultaneously considering the client’s attitudes and beliefs about telehealth,
ongoing advancements in digital and wireless communication technologies in combination with
focused healthcare specialties, telehealth delivery systems have the potential to bridge
communication between individuals in need and healthcare professionals. Telerehabilitation, and
more specifically, synchronous, community-based remote physical therapy applications, need
further investigation prior to being integrated into clinical or pro bono practice. While the
telerehab literature base continues to expand, the majority of publications lack external validity
and more research is needed to support the efficacy of this alternative modality.30
Barriers and Issues
The major barriers to the development and research of telehealth practice patterns for
allied health professions such as physical therapy are technology, reimbursement, patient safety,
and the attitudes and beliefs of potential end-users. Real-time telecommunication technologies
have demonstrated inconsistent quality of voice and video transmission. This inconsistency
inhibited communication and observation abilities.11,67 Communication is essential for
meaningful client and provider interactions. In fact, a goal outlined in the United States’
“Healthy People 2020” document was to increase the proportion of persons who report that their
health care providers have satisfactory communication skills (HC/HIT-2). Additionally,
movement-based assessments are essential to most physical therapist-led client interactions.66 A
2011 study by Shaw et al, however, reported that transmission of wireless video was insufficient
for consistent and safe application to the treatment of urban, post-operative total knee
arthroplasty patients. These investigators observed inconsistent video quality to support
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consistent and effective observation of home exercises such as heel slides and straight leg
raises.11,67 To the contrary, other telerehab researchers have reported “satisfactory” audio and
visual quality to conduct physical therapy-related interventions.68 Trevor Russell, PT, PhD, is
largely regarded as the world’s leading researcher on telerehabilitation. Dr. Russell reported
visual quality outcomes from telerehab care recipients measured on a visual analogue scale from
4/10 (centimeters)30 to 6.6/10.68 Ongoing upgrades in cellular bandwidth from 3G to 4G should
enable healthcare professionals to more reliably apply adjunctive healthcare practice concepts
such as telehealth applications with their consenting, community-based clients.11
The second pre-existing barrier to the investigation and development of telerehabilitation
delivery systems is service reimbursement.43 Under Medicare Part B, the Medicare physician fee
schedule lacks a reimbursable Current Procedural Terminology (CPT) code for the remote
monitoring and provision of physical therapy services. Furthermore, physical therapists are not
listed as eligible providers for the delivery of telehealth services to Medicare beneficiaries.69
Provider eligibility is limited to physicians, nurse practitioners, physician assistants, nurse
midwives, clinical psychologists, clinical social workers, and clinical nurse specialists.
Furthermore, the originating site or the site of the Medicare beneficiary must be at a physician or
practitioner office, critical access or regular hospital, rural health clinic, a federally qualified
health center, skilled nursing facility, community mental health center, or a hospital-based renal
dialysis center.58 These reimbursement guidelines are for synchronous provider/patient
interactions. Medicare does not provide reimbursement for store-and-forward or asynchronous
telehealth services to any providers.69 However, reductions in Medicare Part A reimbursement
for skilled services in traditional geriatric settings such as in-home, assisted living, and skilled
nursing facilities is creating demand from both providers and payers of care for more cost-
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effective supplements to traditional face-to-face community health services. Because Medicare
Part A service reimbursement is bundled and/or episodic in nature, this creates opportunities for
providers to more creatively case manage their clients with asynchronous or synchronous
telehealth. As Russell et al stated, however, telerehabilitation is still a relatively unproven
modality30 and research, such as this proposal, is needed to support any potential changes with
Medicare reimbursement laws. Some legislators have responded to these expressed needs and
recognize the potential cost savings and health benefits associated with telehealth delivery
systems. Multiple bills in support of advancing telehealth reimbursement have been introduced
in the United States Congress and/or Senate over the past 5-7 years, but all have remained
stagnant in committees with no further activity.70
The next major barrier to the provision of telerehab services is patient safety. Face-toface assessments and interventions provide physical therapists the ability to use themselves
and/or support personnel to employ specific guarding and positioning techniques to reduce injury
risks to their patients. Although the physical therapist can request the assistance of a friend or
relative during a telerehab session, these volunteers likely lack the training and experience of the
physical therapist and their staff. The clinician has an ethical responsibility to determine which
tests and measures are safe to implement remotely.
Another component of patient safety relates to the use of real-time vs. store-and-forward
technologies. A common store-and-forward application is the collection and assessment of
biometric data. For example, data such as vital signs including body weight can be monitored via
asynchronous technology after data was uploaded by the end user (patient/client). If this data
indicates a deterioration in a patient’s health status (such as occurs with an exacerbation of
congestive heart failure), this potential emergency could not be recognized until a licensed
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professional logs into their computer to analyze this uploaded and stored data. Delays between
data collection, uploading data, and analysis of data could compromise patient safety, thereby
also increasing the liability of the provider(s).
A final component of patient safety relates to licensure.43 Jurisdictional law, and in
situations when healthcare professionals are asked to provide consultation to a patient who
resides in a different state, licensure portability are topics integral to the successful expansion of
telehealth services. In physical therapy practice, we do not have uniform standards for licensure
of telehealth practice written into state laws. Currently, face-to-face and distance consultations
are treated the same in all but two states.10 Without expanded portability provisions, a licensed
physical therapist is unable to evaluate or treat a client across state borders regardless of
proximity or circumstance. Because the role of a state practice act is to protect its population, a
lack of licensure portability with uniform standards contradicts this purpose and could, therefore,
potentially harm a potential recipient of remote healthcare. Principle 3C of the APTA’s Code of
Ethics charges physical therapists to be accountable for making sound scope of practice
judgments.71 Physical therapists may need to refer a patient to a peer or another healthcare
professional who possesses greater expertise in a given specialty or condition. The closest peer to
whom the evaluating physical therapist could have referred a patient may be across state borders.
In addition to safety concerns, the lack of physical therapist licensure portability creates an
access barrier for potential care recipients who reside near state borders.43 For an older adult who
experienced a recent fall or was experiencing an acute onset of gait instability, the timeliest
method of accessing a healthcare provider may be via a telerehabilitation delivery system. As
previously mentioned, access barriers contribute to inferior health outcomes among those who
resided in rural regions of the U.S.
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The last barrier, and one that is central to this investigation, is the perception and
acceptance of older adults to technologically-delivered healthcare. A 2003 study that surveyed
350 adults over age 60 reported that only 22.4% stated using a computer in the previous year.72
Several articles outline differences in attitudes and usage of technology among older adults as
compared to other age groups.73-75 Although 21st century advancements in telecommunication
technologies have produced favorable healthcare-related applications, consistent end-user
acceptance and legitimacy of the service remains in question.34,76,77 No surveys currently exist to
determine the attitudes, beliefs, and the overall willingness of clients to use healthcare-related
technologies such as telerehabilitation. Furthermore, it has yet to be determined what the impact
of a telerehabilitation (measurement of change) experience had on baseline attitudes, beliefs, and
willingness to use healthcare-related technologies in an older adult population. This study is the
first of its kind to measure baseline and post-telerehab change in perceived usefulness of
telerehabilitation technologies in older adults.
Research Questions / Hypotheses
Table 1. Research Questions and Hypotheses
Research Questions

Null Hypotheses (H0)

Alternative Hypotheses (HA)

1.

What effect does
exposure to a
telerehabilitation delivery
system have on
underlying attitudes and
beliefs of older adults
about the perceived
usefulness of this
healthcare delivery
option?

•

There is no difference in
attitudes and beliefs of older
adults exposed to this
investigation’s real-time
telerehabilitation application
and older adults in the
control group.

•

Participation in a real-time
telerehab application will
influence an older adult’s
attitudes and beliefs about
the perceived usefulness
of this healthcare delivery
option when compared to
a control group.

2.

Are fall risk screening
conclusions that are
derived remotely
equivalent to other
reference standard (MiniBEST) face-to-face
screening tools?

•

Conclusions from the
remote STEADI fall risk
screening tool will not be
equivalent to conclusions
from the face-to-face MiniBEST fall screening tool.

•

Fall risk conclusions from
a remote rater
implementing the
STEADI will be
equivalent to fall risk
conclusions from a faceto-face rater implementing
the Mini-BEST.
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3.

Are outcomes of fall
screening measures that
are performed remotely
consistent with those
performed face-to-face?

•

Remote scoring and fall risk
categorization of the Timed
Up and Go Test, 30-second
Chair Rise, Four-Stage
Balance, PerformanceOriented Mobility
Assessment Gait (POMA-G)
Tool, 4-meter Walk Test,
Functional Reach Test, and
STEADI algorithm will not
be equivalent to face-to-face
raters.

•

Remote scoring and fall
risk categorization of the
Timed Up and Go Test,
30-second Chair Rise,
Four-Stage Balance,
Performance-Oriented
Mobility Assessment Gait
(POMA-G) Tool, 4-meter
Walk Test, Functional
Reach Test, and STEADI
algorithm will be
equivalent to face-to-face
raters.

For this study’s purposes, the terms “telehealth” and “telerehab” were operationally
defined as technologies that use real-time (synchronous) videoconferencing systems transmitted
either via a wired or wireless internet connection for purposes related to connecting medical
professionals with potential or actual patient/clients. The terms telehealth and telerehab did not
include store-and-forward (asynchronous) methods of data collection or video analysis.
Operational Definition of Terms
Asynchronous / Store-and-Forward Telehealth Services: the content data of the
service was prepared, stored, and then forwarded to the clinician providing the
consultative service. Originating and remote sites do not view content in real-time.
Bandwidth: the amount of information that can be carried over a transmission line per
second; recorded in kilobits per second (Kbps) or megabits per second (Mbps).
Community-dwelling: adults age 65 and older who reside in a house, apartment,
condominium, group home, or assisted living facility, and were able to come to
Midwestern University for testing.
Fall: when a person descends abruptly due to the force of gravity and strikes a surface at
the same or lower level (CDC).
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Injurious fall: physical injuries that result as a direct consequence of a fall and
subsequently require the consumption of medical resources.
Inter-environment: the degree of agreement and comparison between face-to-face and
remote rater locations.
Originating Site: the site where the recipient of the telehealth or telerehab service is
located.
Perceived Ease of Use: the degree to which a person believes that using a particular
system would be free from effort.
Perceived Usefulness: the degree which a person believes that using a particular system
would help him/her attain gains.
Remote Site: the site where the provider of the telehealth or telerehab service is located.
Rural: geographical displacement from metropolitan territories; population is fewer than
500 per square mile.
Synchronous Telehealth Services: real-time audio and/or video streamed service. Video
and audio data travel simultaneously to both the remote and originating sites.
Telehealth: technologies that use real-time videoconferencing systems transmitted either
via a wired or wireless internet connection for purposes related to connecting medical
professionals with potential or actual patient/clients.
Telemedicine: the exchange of medical information from one site to another via
electronic communications to improve a patient’s health status.
Telemedicine Network: a consortium of healthcare facilities who combine resources to
link healthcare providers with patients in need through a telehealth platform.
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Telerehabilitation: rehabilitation services through the use of real-time audio and video
telehealth technologies; in the larger realm of telehealth, “telerehab” is the integration of
tele-communication technology to support rehabilitation services.
Summary
The long-term goal of this study was to explore alternatives to traditional face-to-face fall
risk screening that could potentially reduce the prevalence and financial impact of geriatric falls.
This was achieved by investigating the reliability and validity of telerehab applications designed
to improve access to and costs associated with fall-risk screening of community-dwelling older
adults. The foundation of this research, which was a step forward in attainment of the stated
long-term goal, was to determine the generalizability of the CDC’s STEADI and other
commonly used tests to quantify mobility, balance, and lower extremity strength to current
telecommunication technologies. It was the central hypothesis of this study that the scoring of
the standardized tests and fall risk conclusions determined by a remote rater would equal scoring
and conclusions performed by a face-to-face rater. This hypothesis was formulated on the basis
of the simplicity and safety with administering the STEADI, 4-meter Walk Test, TUG, POMAG, 30-second Chair Rise, and 4-Stage-Balance Tests remotely as compared to other screening
tools such as the DGI, BERG, and BESTests, for example. The conceptual framework,
hypotheses, and methods of this proposal are supported by foundational published literature on
telerehab from Russell et al, published fall prevention guidelines from the American and British
Geriatrics Societies, and fall prevention guidelines recently adopted by the CDC.
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CHAPTER TWO: LITERATURE REVIEW
Introduction
The scope of telemedicine applications in the literature ranges from distance
consultations provided by specialists, robotic surgeries, and education and training of healthcare
practitioners to the monitoring and education of patients.3-7 In the latter part of the 20th century,
researchers considered the possibilities of (asynchronous) transmission of diagnostic and clinical
information via analog telephone lines. Twenty-first century advancements in telecommunication
and robotics have led to the investigation and application of these (synchronous) tools within an
operating room. The literature reflected benefits such as robotic-aided telesurgical applications
using laparoscopic techniques, teleradiography to minimize radiation exposure to humans, and
telementoring initiatives among physicians.6 Because these healthcare procedures require
tremendous precision and accuracy, healthcare providers such as physical therapists can now
view telemedicine as a potential supplement or alternative to traditional face-to-face care. One
such telemedicine application is fall screening of older adults. The use of a telemedicine system
to connect with older adults regarding fall prevention activities would be more specifically
classified as telerehabilitation or telerehab because physical therapists are rehabilitation
providers.
As a result of their financial impact,16 elderly falls are receiving greater attention from the
United States government.15,20,39 There are a plethora of screening and outcome measures for
consideration by clinicians to quantify fall risk, and no single tool can be recommended for all
settings and with all sub-populations.78 Most of the literature recognizes that elderly fall risk was
multi-factorial in etiology.35,79 The STEADI toolkit is a recent initiative put forth by the Centers
for Disease Control and Prevention (CDC). Although not rigorously researched as a collective

20

toolkit, the STEADI is an evidenced-based resource to guide and encourage healthcare providers
to appraise and classify fall risk.20
The physical therapy profession is well-trained in the screening and treatment of older
adults. However, it is in the early stages of exploring telerehabilitation and its feasibility,
acceptability, reliability, and validity when used in a community-dwelling, older adult
population. Prior telerehab investigations have focused on post-acute practice settings and relate
to cardiopulmonary, integumentary, musculoskeletal, and neuromuscular physical therapy
practice patterns.50,68,80-82
To maximize its potential benefits and safety, technology must be accepted by both
healthcare recipients and providers. The attitudes and beliefs of older adults towards the
integration of telerehabilitation delivery systems has been in question because of the limited use
of computers by older adults.72 The Technology Acceptance Model suggests that two specific
constructs, perceived ease of use and perceived usefulness, determine one’s behavioral intention
to use technology.83 If receptive to its implementation into health related services, the older adult
may be afforded a longer life span and an ability to remain independent by aging in place.84
Historical Overview of the Theory and Research Literature
The telecommunications age commenced in the late 19th century when Alexander
Graham Bell summoned his assistant, Thomas Watson, from another room stating, “Watson,
come here; I want you.”80 From these primitive roots, the telephone developed into an important
tool for physician consultation. Over the course of the 20th century, healthcare professionals
including those serving in the military realized the benefit of telecommunications as a
supplement to traditional face-to-face assessment. Telecommunications are frequently used as a
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method to triage complex injuries such as traumatic brain injuries (TBI) that occur on the field of
battle.10,85
With changes in healthcare reimbursement and the influence of Health Maintenance
Organizations (HMO’s) in the 1980s and 1990s, the practice of “telephone medicine” evolved
into an important cost-containing mode of healthcare delivery. In fact, Dr. Anna Reisman, author
of the book “Telephone Medicine,” estimated that approximately 25% of all internist
consultations are performed via phone.86 Dr. Reisman further indicates that telephone
consultation has been instrumental in reducing emergency room utilization.86 This projection was
further complimented by telehealth initiatives that aim towards timely and evidenced-based
emergency department utilization upon onset of ischemic stroke symptoms.87 The technological
ability to transmit video data that coincides with traditional telephonic audio data transmission
has enhanced telemedicine’s contribution to international disaster relief efforts, national
healthcare systems in Australia and Canada, distance medical education, robotic surgery, and
medical consultation during recent U.S. supported wars in the Middle East. There is a growing
body of published literature, as well as interest within the APTA, attempting to integrate
telehealth or “telerehab” into physical therapy practice.10
The telemedicine concept was first introduced to Americans in an April 1924 issue of
Radio News. This newspaper edition featured a drawing of a physician viewing his patient on a
“radio screen.”80,88 In 1951, the first cross-state demonstration of telemedicine occurred at the
New York World’s Fair, and six years later, Albert Jutras initiated tele-radiology in Montreal,
Canada.88 This was followed in 1959 by a Nebraska Psychiatric Institute tele-education and telepsychiatry program offered in conjunction with the University of Nebraska.88 By the 1960s, the
National Aeronautics and Space Administration (NASA) was using “biotelemetry” to monitor
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astronauts. Biotelemetry was defined by NASA as “a means of transmitting biomedical or
physiological data from a remote location to a location that had the capability to interpret the
data and affect decision making.”80,88 These biotelemetry investigations have had profound
effects on today’s healthcare delivery system. NASA’s biotelemetry data collection was very
similar to store-and-forward telehealth technologies utilized by today’s home health agencies to
monitor heart rate, body temperature, oxygen saturation, blood pressure, body weight, and
occasionally electrocardiogram as a supplement to nursing assessments. Investments into storeand-forward procedures are increasing in popularity and frequency of use among home health
providers as a result of federal outcome measurement initiatives. For example, a home health
client may be provided a blood pressure and heart rate monitor that uploads vital sign data
through a computer Bluetooth connection three times a day in an effort to prevent
rehospitalizations. However, most contemporary telehealth applications are described for the
field of medicine without appreciation for the unique needs of the rehabilitation professional and
their clients.43
The financial sequela of elderly falls are burdening the U.S. Medicare Trust fund.89 This
financial strain is also realized by taxpayers who subsidize socialized medical benefits. It is
logical to conclude that patients who have multiple, chronic medical conditions consume greater
financial resources. Keehan et al confirms the added resource consumption in the elderly and
states that “as age advances, treating progressively more severe and complex medical conditions
was reflected in the mix of services.”89 The need for more efficient and effective outcomefocused care, ongoing healthcare staffing shortages in rural and demographically underserved
areas, and multi-factorial access barriers all contribute to the demand for alternatives and/or
supplements to traditional face-to-face patient encounters. Whether it was government
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incentives, pay for performance programs, wellness screening initiatives, or the need for chronic
disease management, a confluence of factors are driving telehealth into the discussion on how to
reorganize mainstream healthcare delivery.90 Telerehab may potentially compliment many other
face-to-face and remote interprofessional practice initiatives.
The Theory and Research Literature Specific to the Topic
The Institute of Medicine identifies the use of information technology as a central factor
to the enhancement of healthcare quality in the United States.91 The older adult demographic
represents a large percentage of the health-related expenses consumed in the United States,62,92
and therefore, theoretically could benefit the most from telemedicine and telerehabilitation
solutions.54,93 Other than potential limitations with vision, hearing, and in-home space
limitations,93 a major challenge is that this targeted end-user population has less understanding of
new, innovative, and technology-driven healthcare concepts and solutions compared with their
younger counterparts.54,94 To maximize its potential and safety, technology must be accepted by
both healthcare recipients and providers.
Literature Related to Technology Acceptance Theories
Like end-user recipients of technology-driven healthcare, the intention of healthcare
providers to use technology applications is vital to the success of its implementation.95 Among
office-based physicians who have adopted electronic health records (EHRs), most report that the
use of technology has enhanced patient care.94 The Technology Acceptance Model (TAM) has
been used to investigate acceptance of physicians towards telemedicine. While other studies have
adopted the TAM to examine attitudes and acceptance of employees and acceptance of
prospective patients as end-users, a 1999 study by Hu et al focused on the provider as the enduser.34 Consistent with the perspective of Hu et al, Duyck et al investigated user acceptance by
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radiologists and technologists to study behavior intention and perceived voluntariness. The
authors reported that providers make technology acceptance decisions independent from their
superiors, and focus on usefulness rather than ease of use when determining behavioral
intention.96 In other words, employees value meaning and purpose behind changes as more
important facilitating conditions than the mechanics of navigating and use of a new system. By
definition, perceived usefulness is the degree to which one perceives a change would enhance
their job performance whereas perceived ease of use is the degree to which an individual
believes that a change would be free from physical or mental effort.97
Advancements in technology have the potential to promote wellness, independence, and
ability to “age in place” among older adult clients.98,99 Aging in place is a concept that focuses on
maintaining health and independence in the community rather than succumbing to or relying on
frequent healthcare services including institutional support for instrumental and standard
activities of daily living (ADL’s). More specific to this study, home and community-based
telerehabilitation services have the potential to decrease healthcare costs21,100-102 and enhance
quality of life by enabling older adults to live independently.54,103,104 “Smart home” technology
devices have also been investigated for perceived impact on quality of life and implemented on
trial bases for health status and mobility monitoring.99,105,106 Several sources confirm differences
in attitudes and usage of technology among older adults as compared to other age groups.7375,94,107,108

Selwyn et al examined the frequency and location of use and reasons for non-use of

computers in an older adult population. These authors reported that less than 25% of their
England-based sample of 352 older adults indicated using a computer in the previous year. The
majority of computer use took place in the home, and participants cited low relevance to daily
life as reasons for non-use.72 Similarly, a United States-based study from Carpenter and Buday

25

indicated that approximately one-third (36%) of 324 residents of retirement communities were
actively using computers. Barriers to more frequent computer use included cost, complexity,
ergonomic impediments, and a lack of interest, whereas younger retirees with more education,
fewer functional impairments, and greater social resources were more likely to use computers.109
However, computer use is only one indicator of the attitudes and beliefs of older adults towards
technology. A 2017 survey conducted by the Pew Research Center indicates that while one-third
of older adults have never used the internet, the percentage of Americans age 65 and older who
own a smartphone has increased from 18% in 2013 to 42% in 2017. Furthermore, half of older
Americans now have a broadband connection at their home.110
Inexperience with using computers can impede the potential benefits of technology-aided
healthcare. The United States Agency for Healthcare Research and Quality (AHRQ) identifies
drivers and barriers related to the successful implementation of consumer health-related
technologies. The most frequent driver identified in the literature was perceived health benefits
and the most frequent barriers are lack of perceived benefit, inconvenience, and cumbersome
data entry.43,111 Other sources cite privacy94,112 and cost102 concerns. Consistent with hypothesis 1
(There is no difference in attitudes and beliefs of older adults exposed to this investigation’s
real-time telerehabilitation application and older adults in the control group), the ultimate
impact of telerehab delivery systems to screen for elderly fall risk will be determined by
receptiveness of potential end-users towards technologically-delivered physical therapy. Just as
was the case with traditional face-to-face healthcare, patients must accept recommended
healthcare services for it to be effective. Therefore, the alternative hypothesis that an older
adult’s exposure to telerehab improved this population’s attitudes and beliefs about
technologically-delivered healthcare was tested via a pre- and post-test written survey.
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Technology is a vital component of most industries and has seen continuous growth
within healthcare delivery since the turn of the 21st century. However, computer technology’s
early roots began in the 1970-1980s with research to understand how Management Information
Systems (MIS) could gain acceptance by end-users.97 MIS was meant to revolutionize the
efficiency and management capacity of large businesses. At the forefront of this research was the
Massachusetts Institute of Technology (MIT) and Fred Davis, creator of the Technology
Acceptance Model (TAM). In simple terms, the TAM was developed to explain computer-usage
behavior.34 Research and development of the TAM was based upon an earlier model of
behavioral intention titled, Theory of Reasoned Action (TRA). Fishbein and Ajzen’s TRA model
focuses on attitude and subjective norms as a method of predicting social behavior.97,113 The
TRA proposes that behavioral intention could be determined by considering both the attitude
(sum of beliefs about a particular behavior weighed by evaluations of these beliefs) that a person
has towards the action or behavior, and the subjective norm (influence of one’s social
environment on behavioral intentions) associated with the action or behavior in question.
Fishbein and Ajzen’s TRA model operationally defines attitude as a person’s positive or
negative feelings about performing the actual behavior. Behavioral intention measures a person’s
strength of intention to perform an action or behavior. This is ultimately what predicts
compliance with and carryover of medical recommendations. The TRA model suggests that an
attitude towards behavior intention can be measured as the sum product of subjective norms and
attitude.113,114 Simply stated, an individual’s voluntary behavior is predicted by attitudes towards
that behavior and how the individual thinks other people would view the performed behavior.114
The TRA provides a useful model that can help to explain and predict the actual behavior of an
individual.
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Davis took the TRA model and adapted it to the context of user acceptance of a MIS.113
The research questions central to Dr. Davis’ research were 1) What are the major motivational
variables that mediate between system characteristics and actual use of computer-based systems
by end-users in organizational settings?; 2) How are these variables causally related to one
another, to system characteristics, and to user behavior?; and 3) How can user motivation be
measured prior to organizational implementation in order to evaluate the relative likelihood of
user acceptance for proposed new systems?97 At the foundation of Davis’ pioneering research
was a theoretical base that beliefs determine attitudes, that attitudes (along with societal norm)
determine intentions, and that intentions determine actual behaviors. Davis’ interest focuses on
whether baseline beliefs have a direct effect on intentions and/or behavior.97(p110) Operational
constructs of perceived usefulness (the degree which a person believes that using a particular
system would enhance his or her job performance) and perceived ease of use (the degree to
which a person believes that using a particular system would be free from effort) are central to
his research questions. For perceived usefulness, 13 items (job difficulty, control over work, job
performance, addresses my needs, saves me time, work more quickly, critical to my job,
accomplish more work, cut unproductive time, effectiveness, quality of work, increase
productivity, makes job easier) were clustered into three categories: information related to job
effectiveness, productivity, and importance of the system to the job. For perceived ease of use,
the 13 items scales (confusion, error prone, frustrating, dependence on user manual, mental
effort, error recovery, rigid & inflexible, controllable, unexpected behavior, cumbersome,
understandable, ease of remembering, provides guidance) were again clustered into three subcategories: physical effort, mental effort, and how easy the system was to learn. This framework
was the start to what future researchers tested with healthcare technologies. In the end, Davis
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was able to systematically prove that end-user beliefs and perceptions did in fact have a direct
influence on behavior.97 In essence, the TAM suggests that two specific beliefs, perceived ease
of use and perceived usefulness, determine one’s behavioral intention to use technology.83 The
TAM was a valid motivational model for user acceptance and a solid base from which to guide
future applications and end-user investigations.97(p232)
The TAM represents opportunities to quantify pre- and post-use behavioral intentions.
Davis’ original pre- and post-test perceived usefulness and perceived ease of use questionnaires
are listed in Appendix A.97(pp84-85) Each construct was tested with 14 Likert scale items and
measured on a seven-point scale (1 strongly agree, 7 strongly disagree). Examples of Davis’
original validated scales relating to perceived usefulness are 1) my job would be difficult to
perform without electronic mail, 2) using electronic mail gives me greater control over my work,
3) using electronic mail improves my job performance, and 4) the electronic mail system
addresses my job-related needs. Examples of original validated items relating to perceived ease
of use are 1) I often become confused when I use the electronic mail system, 2) I make errors
frequently when using electronic mail, 3) interacting with the electronic mail system was often
frustrating, and 4) I need to consult the user manual often when using electronic mail.97 Through
subsequent investigations, Davis’ scales for both constructs were refined to 10 items and then to
a more reliable (r = 0.97) six-item questionnaire.113
Davis’ work did not end after completion of his doctoral dissertation. Venkatesh and
Davis concluded that each of the two scales should be administered separately because mixing
items from the two constructs, perceived usefulness and perceived ease of use, confused
respondents.113 Although Davis’ work was focused on employment settings, his two principle
constructs (perceived ease of use and perceived usefulness) continue to be integral to
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contemporary research on the attitudes and beliefs of older adults and providers towards
healthcare technologies.34,54,115,116 Despite some weakness with the TAM and some criticism for
Davis’ research,113 the literature supports conclusions that the TAM is a reliable and valid
motivational model for potential users of technologies,34,97 and can be applied to prospective
older adult users of telerehabilitation delivery systems.54,115
While Davis’s TAM has its benefits, the TAM has also been criticized for
weaknesses.113,117 Despite the TAM being the most internationally cited technology acceptance
model, Chutter states that research on the TAM’s conceptual model lacks sufficient rigor and
relevance. Chutter cites a publication from Lee et al that claims that the TAM has attracted more
easy and quick research such that less attention has been given to the real problem of technology
acceptance.113 Furthermore, Venkatesh and Davis collaboratively identified some limitations in
explaining the reasons a person would perceive a given system useful, and therefore, proposed
some additional variables such as experience, voluntariness, subjective norm, image, job
relevance, output quality, and result demonstrability. Their study integrated end-user perceptions
pre-implementation, one-month post-implementation, and three months post-implementation.
Their revised model became known as the TAM2.113 In an attempt to further enhance the TAM,
computer self-efficacy, perceptions of external control, computer anxiety, and computer
playfulness were proposed as anchors to Davis’ perceived ease of use construct.83
As an enhancement of Davis’ original and subsequent revisions of the TAM, Venkatesh
et al set forth to “unify” the major theories of technology acceptance.118 In what was named the
Unified Theory of Acceptance and Use of Technology (UTAUT) model, Venkatesh et al
reviewed and consolidated major constructs from eight previous models that attempted to explain
and predict system usage and/or behavior. Development and validation of the UTAUT was
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performed from review of the theory of reasoned action (TRA), TAM, motivational model,
theory of planned behavior, the combined theory of planned behavior/TAM, model of personal
computer use, diffusion of innovations theory, and social cognitive theory.118 Development of
the UTAUT (n=645) appears to have been a collaborative initiative as Davis was a co-author of
User Acceptance of Information Technology: Toward a Unified View published in 2003.118
Referencing data from these eight acceptance theories and testing them over six months across
four organizations, Venkatesh et al created and empirically validated the UTAUT. This new
model has strong statistical support for three direct intention of use constructs (performance
expectancy, effort expectancy, social influence) and two direct determinants of use behavior
(intention and facilitating conditions). Significant moderating influences of experience,
voluntariness, gender, and age have been confirmed as integral features of the UTAUT. In its
conclusion, the UTAUT was able to account for 70% of the variance in usage intention of endusers. This was a substantial improvement over the 17-53% prediction of MIS use explained by
the eight other models tested by Venkatesh et al.118 Both the TAM and UTAUT have been
criticized for overlooking specific biophysical (cognitive and physical decline) and psychological
(social isolation, fear of illness) factors related to aging which may predict or explain behavior
related to use of healthcare technologies.119 Despite the limitations of the TAM, Davis’
Technology Acceptance Model was the most widely applied model of end user acceptance and
usage.83,113
The literature suggests that older adults may not be receptive to telerehabilitation
services. In addition to drivers and barriers cited by the AHRQ, computer literacy,94,107 privacy,54
and generational preferences54,72,102 are commonly cited as potential barriers and biases against
the adoption of computers or “smart” devices by older adults. The female gender has been shown
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to have a greater affinity towards telecommunications technologies;73 however, most other
research simply speaks only theoretically about traditional gender roles and age in predicting
attitudes and intention to use MIS.118
In contrast to publications citing limited interest in and use of computers among older
adults, several publications indicate otherwise. Demiris et al piloted a focus group of older adults
to explore “smart home” technologies. Smart home technologies were operationally defined as
advanced technologies aimed at prevention and detection of falls, emergency help, and
monitoring of physiologic parameters. Demiris et al reported that the 15-member focus group
had an overall positive attitude towards devices and sensors in their homes but expressed
concerns about the user-friendliness of devices and training needed for use of installed devices.99
This was consistent with Davis’ perceived ease of use construct and effort and performance
expectancy constructs of the UTAUT.97,118 In a related study, Coughlin et al performed a market
investigation into the perceptions of smart home technologies in older adults. This investigation
was more robust in that researchers sampled seniors from 10 states in the northeast United States.
They concluded that participants were in support of technologic advances that maintain health
and wellness.120 Similar to the study by Demiris et al, older adults expressed concerns with the
usability of these smart home applications but also brought forth issues of reliability, trust,
privacy, stigma, accessibility, and affordability.99,120 Although not explicitly stated, findings
reported by Coughlin et al are consistent with Davis’ perceived ease of use and perceived
usefulness constructs and the UTAUT’s facilitating conditions determinant of behavior.97,118
Cimperman et al also described and tested similar “context-specific” factors such as computer
anxiety, perceived security, self-efficacy, and physician’s opinion.54
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While appearing to have face validity, neither self-efficacy nor anxiety are included in the
UTAUT because both have been found to be indirect determinants of intention fully mediated by
perceived ease of use. Physician opinion, however, was a social influence which was concluded
to be a valid measure of intention to use for inclusion in the UTAUT.118 While potential
frustrations and usability concerns have also been brought forth by a cohort of 30 Midwest older
adults, Heinz et al concluded that older adults are willing and eager to adopt new technologies
when usefulness and usability outweigh feelings of inadequacy.98 Consistent with Coughlin et al,
Heinz et al reported that older adults are enthusiastic about new forms of technology that could
assist them to maintain their independence and quality of life.98,120 This conclusion speaks to the
need to appraise Davis’ perceived usefulness construct prior to introducing older adults to health
related technologies.97 Although these publications dispute the many biases associated with older
adults and their acceptance of health-related technologies, “smart home” technology publications
such as the one from Coughlin et al may have biased methodologies and conclusions based upon
author acknowledgements of private grant funding.
Three recent publications specifically investigated the attitudes and beliefs of older adults
towards a telehealth delivery system. These findings were instrumental to supporting hypothesis
1 of this investigation (There is no difference of attitudes and beliefs towards technologically
delivered healthcare between older adults exposed to this investigation’s real-time
telerehabilitation application and those in the control group). All three investigations integrated
behavior intent constructs from the Technology Acceptance Model (TAM). Two publications
cite quantitative statistical methods and one investigation used mixed-methods focus group
interviews to drive conclusions.
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Wade et al investigated the usefulness and ease-of-use of asynchronous telehealth
services in a frail elderly population. These Australia-based authors created a Likert-style scale
based upon the TAM. The eight-item scale demonstrated excellent internal consistency (0.920.95) and was administered to both patients and caregivers in a pre-/post-test design. While the
exact technological platform was not described by the authors, this investigation primarily
measured biometric data via store-and-forward methods. The author’s primary research question
centers around the relationship between the degree to which equipment was free from effort
(perceived usefulness) and assisted a client (perceived ease of use), and long-term patient
compliance with in-home telehealth. Wade was able to demonstrate that perceived ease of use at
pre-test and with usage periods had a positive statistically significant relationship with future
compliance (p = 0.02).115 The Likert scale developed by Wade et al serves as a guide to test null
hypothesis 1 (H0). Each Likert scale item was reported on a five-point scale (1 strongly agree, 5
strongly disagree). The authors combined both TAM constructs into one questionnaire that was
administered to the care recipient (n=42) and caregiver (n=19) when available.
Wade’s Likert scale items relating to perceived usefulness were 1) using the telehealth
equipment will improve access to regular testing of my health condition, 2) using the telehealth
equipment will make it easier to do regular testing, 3) using telehealth equipment will save time
in having regular testing, and 4) I will find the telehealth equipment useful in my regular testing.
Wade’s Likert scales relating to perceived ease of use were 1) learning to operate the telehealth
equipment will be easy for me, 2) my interaction with the telehealth equipment will be clear and
understandable, 3) it will be easy for me to become skillful at using the telehealth equipment, and
4) I will find the telehealth equipment easy to use. Wade et al reported no statistical difference in
TAM responses between participants with and without caregivers or between caregivers and care
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recipients. There was, however, significant improvement (p<.05) between pre-training and actual
usage means for the telehealth-led transitional care program. The combination of pre-usage,
perceived usefulness, and ease of use accounted for a non-significant 17% of the variance in the
usage compliance rate (R2 = 0.17). The “perceived ease of use” of the telehealth equipment
increased significantly from pre-telehealth training and usage to post-transitional care program (p
= 0.001). There was no change in the “perceived usefulness” of the equipment. “Perceived ease
of use,” at pre-training and usage, had a moderate positive relationship with future compliance (r
= 0.40; p = 0.02). Telehealth acceptance constructs “ease of use” and “usefulness,” at pretelehealth training and usage, were nearly significant as a predictor of future usage compliance (p
= 0.06).115
The second quantitative study to specifically look at the attitudes and beliefs of older
adults towards a telehealth delivery system was a Taiwan-based study by Jen et al. These
investigators integrated the TAM and the Theory of Planned Behavior (TPB) to predict the
likelihood that families would adopt mobile healthcare services (MHS).102 The underlying theory
behind this prediction model was the TPB’s focus on normative and control factors. As
previously outlined, the TAM, in part, focuses on system design and was useful as a guide to
design efforts. The research model from Jen et al explained 64% of families’ intent to adopt
MHS for their elderly loved ones. Least squares regression analysis found perceived usefulness
(R2 = 0.338) and attitude (R2 = 0.581) to be the primary factors in predicting behavior intention
(R2 = 0.641). Although the authors specifically state that their MHS adoption model only
generalizes to social structures based on Confucian values, results of this study affirm that
attitude was the most important factor in determining the behavioral intention to adopt MHS.102
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In the studies by Wade et al and Jen et al investigating the acceptance of telehealth by older
adults and/or their families, the UTAUT model was not used.
In a 2013 publication by Cimperman et al, seven predictors that play a role in the
perceptions of older adults towards home telemedicine services were identified.54 This
qualitative and quantitative investigation utilized 12 focus groups (n=87) consisting of
community-dwelling older adults from both urban and rural parts of Slovenia. Cimperman et al
combined constructs from Davis’ TAM and Venkatesh’s UTAUT. As previously outlined, the
UTAUT successfully analyzed acceptance of computer technologies among healthy individuals,
general internet users, and healthcare professionals.111 Evidence has shown that the UTAUT
demonstrates a substantial improvement over other technology acceptance models such as the
TAM, explaining 69% of the variance in behavior intention, which as Davis hypothesized,97 was
the most common indicator of acceptance.111
Using the root constructs of perceived usefulness and perceived ease of use of the TAM
and root constructs perceived usefulness, effort expectancy, social influence, and facilitating
conditions of the UTAUT, Cimperman et al assessed the usefulness of home telemedicine system
functionalities. Each of 12 focus groups were conducted in community centers and each
consisted of 6-12 retired participants (n=87; age 55-75; 65 women, 22 men). Participants were
first given an overview of home telehealth services to introduce concepts while attempting not to
influence their attitudes. All participants were also asked to complete a seven-point Likert scale
questionnaire prior to the focused group sessions.
Cimperman’s Likert scales covered a broad scope of potential telemedicine applications
from E-prescription as the highest rated function (mean 6.01) to E-triage after hospital discharge
as the lowest rated function (mean 4.68). Other home telemedicine system functionality scales
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were online referrals for examination and laboratory testing, communication with personal
doctors, update about recent changes or received medical reports, overview of waiting lists,
access to information such as vaccination records when traveling, access to general health
information such as published articles, e-pharmacy, communication with other users who have
similar problems, access to personal health record, access to second medical opinion, and home
monitoring of vital signs using the computer. Authors reported that perceived usefulness, effort
expectancy, and facilitating conditions were all consistently mentioned during focused group
interviews. Costs were mentioned as the most important facilitating condition with technical
support being secondary. Other qualitative themes reported were data security, physician
approval, and a preference towards tablets over standard personal computers. Self-efficacy and
computer anxiety were minimally reported themes of the interviews.
Although one of the focuses of this investigation is on the attitudes and beliefs of older
adults towards telerehabilitation delivery systems, Cimperman et al made practical
recommendations to gain end-user acceptance. For example, using visual reminders to reassure
care recipients that the computer platform was secure and trustworthy, and providing a thorough
orientation on the functions of a system prior to administering the questionnaire may give
providers insight into end-user preferences.54 It was notable that none of the three articles that
investigated the attitudes and beliefs of older adults using standardized acceptance models such
as the TAM focused on synchronous connections of providers with end-users for health
screening purposes. Results from this dissertation will be a unique contribution to the literature
base because it is the first of its kind to examine the perceived usefulness of a telerehabilitation
delivery system for the purpose of examining fall risk in older adults. This investigation also
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addresses conclusions from Peek et al who stated that quantitative post-implementation data is
“scarce” in the literature.119
Falls are often sentinel events that mark the beginning of functional decline in older
adults.99 Falls are associated with poorer overall functioning and early admission to long-term
care facilities.79 Use of technologies aimed at preventing elderly falls is receiving greater
consideration by providers and researchers. This concept was central to hypotheses 2 and 3 of
this investigation. Hawley-Hague et al published a systematic review aimed specifically at the
perception of older adults towards fall prevention, detection, or monitoring technologies.121 This
publication identified 76 potentially relevant papers but included only 21 publications in their
review. Hawley-Hague et al suggest that intrinsic factors related to attitudes around control,
independence, perceived need, and requirements for safety are important prerequisites to
motivate an older adult to use and continue use of technologies. They conclude that attitudes and
beliefs surrounding fall technologies are influenced by positive messages and ensuring that
technology platforms are simple, reliable, effective, and tailored to meet individual needs.121 This
message is similar to Davis’ perceived ease of use construct.
A 2014 systematic review by Peek et al focused specifically on factors influencing
acceptance of technology for aging in place.119 This publication examined 2,841 articles on the
topic but found that only 16 met their inclusion criteria. Peek et al concluded that technology
acceptance was influenced by 27 factors divided into 6 themes: 1) concerns with technology
(costs, privacy, usability); 2) expected benefits of technology (increased safety, perceived
usefulness); 3) need for technology (perceived need and subjective health status); 4) alternatives
to technology (help from family or spouse); 5) social influence (influence of friends, family,
professional caregivers); and 6) characteristics of older adults (desire to age in place).119 Many of
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these factors are congruent with validated findings in the UTAUT model.118 Interestingly, Peek
et al notes that 14 of the 16 included articles lacked the use of an existing technology acceptance
framework or model. Furthermore and central to the need for testing of research question 1 of
this investigation, Peek et al concluded that quantitative post-implementation data was “scarce”
in the literature.119 Despite using a technology acceptance model framework, Cimperman et al
also echoed the statement by Peek et al in stating that that their qualitative research should be
considered more exploratory rather than confirmatory, and that further research should take a
more quantitative approach to analyze the categorical acceptance constructs on communitydwelling adults.54
A comprehensive review of the literature confirms that the Technology Acceptance
Model (TAM) is the most recognized and cited model for determining end-user behavioral
intentions. It was essential for anyone interested in user acceptance of technology to have an
understanding of the TAM. While the TAM and the more contemporary acceptance model
UTAUT both include the predictive construct of perceived ease of system use, this dissertation
focused on the perceived usefulness construct. The purpose of research question 1 was not to test
a specific telerehab delivery system or software platform, but rather to measure the pre- and postexposure attitudes of older adults toward a fall screening activity. This was supported by
Venkatesh’s work in that the focus was on measuring how perceptions form and change over
time once the end-user has participated in a synchronous telerehab session.83 According to Davis,
perceived usefulness was more directly correlated (r = 0.65) with attitude towards use than
perceived ease of use (r = 0.12) (pg. 109-110). In fact, Davis’s original work found that the
influence of ease of use on attitude was insignificant.97 More specifically, regression analysis
concluded that usefulness exerted more than twice as much direct influence on use than did
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attitude, and usefulness exerted 3 times as much influence on attitude as did ease of use.97
Despite Pramuka and Roosmalen’s contradictory emphasis on usability and ease of use for
telerehabilitation end-users,43 these findings from the TAM support the decision to use a general
teleconferencing system as the medium for synchronous appraisal of fall screening tools while
also appraising perceived usefulness feedback from participants.
To control for confounding variables that could potentially bias an end-user, a laptop
computer with a standard, non-touch screen Windows display was used in this investigation.
This methodological decision was supported by Cimperman et al who reported that a tablet was
viewed more favorably by focus groups.54 It has been inconsistently reported that females are
more likely to use computers than age-matched males,122 but most findings speak generally about
the impact of traditional gender roles.118 While this is not a proposed exclusion criteria,
participants with prior experience using or observing synchronous or asynchronous telehealth
systems may also have an impact on this investigation’s outcomes because of their perceived
ease of use that develops from familiarity and prior training.
Conclusions from Cimperman et al parallel the UTAUT and serve as the basis for the
development of a tool which will quantify baseline and potential changes in attitudes and beliefs
towards telerehabilitation services in an older adult population. Despite being a European-based
study, results from Cimperman et al are more directly generalizable to this investigation than
investigations previously outlined that used the TAM as the foundation of their investigations.
Using Cimperman’s four major acceptance predictor categories, perceived usefulness, effort
expectancy, social influence, and facilitating conditions,54 this investigation developed Likert
scales items for each construct in the survey instrument which was tested for content and face
validity by a panel of experts. Four Likert scale questions from Wade et al that pertain to the
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perceived usefulness construct also served as an evidenced-based guide to this investigation.
Phrasing is consistent with items from Davis’ validated TAM model. Methodology for the
development of this Likert scale questionnaire is described in Chapter 3.
Literature Related to Elderly Falls
The Clinical Guidance Statement (CGS) from the APTA’s Academy of Geriatric
Physical Therapy states that physical therapists should play a role in questioning older adults
about the presence, frequency, and circumstances surrounding falls and in the screening for
balance impairments and gait abnormalities.35 There are a battery of fall risk screening and
outcome measures available for healthcare providers to employ. However, few screening and
outcome tools are tested in more than one setting and among all diagnostic categories or across
varying levels of risk.35,78 No single fall risk screening tool is recommended for implementation
in all settings of healthcare or for all subpopulations with each care delivery setting,78 and there
is limited research in support of specific guiding questions and standardized assessment tools to
guide effective and efficient screens.35 In summary, there lacks one uniform gold standard or
criterion measure clearly identified by the literature for the face-to-face screening of fall risk
among community dwelling older adults. In the absence of an undisputed gold standard, Portney
and Watkins recommend use of a “reference standard” when attempting to establish concurrent
validity.37 The Balance Evaluation Systems Tests (BESTests) are the most robust, validated tools
available and will serve as the reference standard to evaluate concurrent validity (research
question 2) in the absence of universal agreement on a fall screening gold standard. This
investigation has attempted to provide reference standards for the integration of fall risk
screening into telerehabilitation delivery systems. Chapter 4 will provide reliability and validity
data that will compare outcomes from face-to-face and telerehab raters.
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Selecting the most appropriate screening or outcome measurement tool(s) is impeded by
the lack of consistency in methods of reporting and interpreting comparative psychometric
properties of fall risk assessment tools. Prior to analyzing each tool for their psychometric
properties and for their appropriateness to a telehealth application, one must first distinguish a
screening tool from an outcome measure. A valid screening tool should be able to stratify risk
and be sensitive enough to confirm the presence/absence of a condition or risk status. In other
words, a valid and reliable screening tool provides clinicians, who start with a heterogeneous
population, the ability to narrow to a more homogeneous population based upon use of a
screening application(s). A valid outcome measurement tool not only confirms the presence of a
condition or risk, but should be sensitive to change over time.123 Some tools are interchangeable
as screens and outcome measures because their statistical properties confirm responsiveness over
repeated measures, thus, demonstrating the ability to accurately re-delineate risk and demonstrate
outcomes that result from physical therapy interventions.
Screening tools will be considered for their reliability and validity as well as projected
safety with telerehab implementation. Criteria for establishing cut-off points for high predictive
likelihood varies in the literature, but sensitivity should be at least 70-80% and specificity should
be at least 70-75% according to Perell et al and Oliver et al.78 Statistical measures such as
minimal clinical important difference (MCID), minimal detectable change (MDC), and
floor/ceiling effects are not relevant to selection of this study’s fall screening tools. As
previously outlined, the purposes and relevance of psychometric properties which represent
screening tools differ from those of outcome measurement tools.
In a 2007 systematic review, Scott et al examined 38 fall risk quantification tools
comprised of either a multifactorial assessment tool (MAT) or functional mobility assessment
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(FMA) across four settings. Of the 38 available tools cited in this publication, only 11 were
multi-factorial in nature with five of the 11 (45%) investigated in the community. However, 23
of the 27 (85%) remaining functional tools were tested among community-dwelling elders. Some
tools, such as the Functional Reach and Berg Balance Tests, have been investigated in three
different settings. A MAT was operationally defined as an assessment which covers a wide range
of fall risk factors whereas a FMA covers the physiologic and functional domains of postural
stability including strength, balance, gait, and reaction times. Some tools are designed purely as
mechanisms to discriminate high-risk falls from other populations, while other tools allow for
customizing interventions based on assessment findings. Specific to the community setting and
this investigation, Scott et al identified 23 distinct tools across 14 studies, but only seven studies
reported sensitivity and specificity data. This systematic review reflects a wide range of
sensitivity values (14-94%) and specificity values (38-100%).78 These reports are congruent with
the APTA’s CGS conclusions that there was a need for evidenced-based guidelines to describe
predictive performance and feasibility of fall risk screening tools.35 All studies reported by Scott
et al had interrater reliability >80% with the exception of the Timed Up and Go (TUG). Brauer et
al reported a 56% interrater reliability,78 although this was refuted by systematic review data
reported in the Rehabilitation Measures Database which reports excellent reliability with a mean
rater difference of 0.04 seconds (n=31) reported by Siggeirsdottir et al.124,125
The systematic review published by Scott et al found the following community-based
screening tools to be prospectively validated in the literature: the Balance Self Efficacy Scale,
Berg Balance Test, Clinical Test Sensory Interaction for Balance (CTSIB), Dynamic Gait Index,
Elderly Fall Screening, Fall Risk Screen Test, 5 Minute Walk Test, Five Step Test, Floor
Transfer, Functional Reach Test, Geriatric Postural Screening Survey (GPSS), Home
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Assessment Profile, Lateral Reach, Maximum Step Length, POMA-b, Postural Stability,
Quantitative Gait, Rapid Step, Step Up Test, Tandem Stance, TUG, Tinetti Balance, and 100%
Limit of Stability tests.78 When selecting a fall screening tool, whether it be for a face-to-face or
a telerehab assessment, the clinician should consider their client(s). If the purpose is to screen a
high-risk population, the tool(s) needed should be efficient and easy to apply yet have good
sensitivity and specificity. If the purpose is to reduce fall risk, the tool(s) should be able to
reliably assess and identify modifiable risk factors from which interventions can be focused.78
The latter is consistent with the more comprehensive approach adopted by the Centers for
Disease Control and Prevention (CDC) when creating the Stopping Elderly Accidents, Deaths &
Injuries toolkit or the STEADI.20
Using the definitions from Scott et al, the STEADI is a hybrid tool combining
components of a FMA and a MAT. For this dissertation’s purposes, the battery of screening tools
for community-dwelling older adults has been narrowed down to 10 eligible tools commonly
found in the geriatric physical therapy literature, American Physical Therapy Association’s
Combined Section Meeting Programing, and the general medical literature appraised through the
PUBMED database: The Balance Evaluation System’s Test (BESTest), Berg Balance Scale,
Clinical Test of Sensory Interaction and Balance (CTSIB), Dynamic Gait Index, Functional
Reach Test, Gait Speed measurement, Tinetti POMA, Short Physical Performance Battery
(SPPB), 30-second Sit to Stand, the TUG, and the STEADI. All of these fall screening tools are
FMA with the exception of the STEADI which was a FMA and MAT. Each tool was appraised
for its psychometric properties with community-dwelling older adults, as well as its potential
feasibility and safe implementation using a telerehabilitation delivery system.
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The purpose of this study was to determine the feasibility of performing reliable and valid
fall screening via a telerehabilitation delivery system. Because telerehab applications extend
traditional telehealth beyond a patient/client interview or professional consultative session,
researchers and clinicians have an ethical duty to minimize the safety risks to participants. Not
all fall screening tools are appropriate for use when a clinician is conducting the screening exam
from a remote location. Despite being extremely comprehensive and sensitive with detecting
fallers, the BESTest and its abbreviated versions exemplify screening tools that are not safe to be
implemented from a distance. Furthermore, some fall screening tools require equipment that may
not consistently be available at the end-user’s location. Without the presence of a licensed
physical therapist closely guarding for falls and monitoring for adverse symptoms, tasks that are
associated with some fall screening tools predispose a participant to falls or osteoporotic
fractures; therefore, it is important for facilitators of telerehab to realize that not all face-to-face
screening tools or interventions are transferable to remote applications. This theme is further
elaborated on within subsequent paragraphs.
Balance Evaluation System’s Test (BESTest)
The BESTest is one of the most contemporarily developed and studied tool in the recent
literature. The BESTest has excellent psychometric properties and has had several recent
modifications to make its time to administer more efficient for clinical use.126 The original
BESTest was modified to “mini”- and “brief”-BESTest versions. The original and mini- versions
both require more time to administer than the more recently amended “brief” iteration of the
BESTest. The Mini-BEST is a 14-item, 28 point scale as opposed to the Brief-BEST’s six-item,
18-point scale.127 Cut-off scores in the literature are inconsistently reported or not yet published
from the creator of the BESTest, the Oregon Health and Science University. Leddy et al report a
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fall risk cut-off score of 23/32 on the Mini-BEST (sensitivity = 0.96, specificity = 0.47),128 but
King and Horak published a confirmation in 2013 stating that sources such as Leddy et al were
incorrectly scoring item numbers 3 and 6, therefore, decreasing the total possible score from 32
to 28.129 Despite the lack of universally agreed upon cut-off scores for determining fall risk, the
clinical utility was strong and O’Hoski et al published normative reference data representing age
cohorts per decade for the BESTest, Mini-BEST, and Brief-BEST.130
The Brief-BEST was recently developed as another alternative version of the BESTest.127
Both the mini- and brief- versions are valid and reliable screening and outcome measurement
tools. Rater agreement among items from the Mini-BEST with the highest item-selection
correlation comprise the more time efficient (“brief”) version.127 The Brief-BEST consists of
items for hip abductor strength, functional reach, single-legged stance, lateral push-and-release,
standing on foam with eyes closed, and the TUG. In essence, this version has components of
several other standardized balance, mobility, and strength tests.
According to Padgett et al, the Brief- and Mini-BEST both have a 72% accuracy of
identifying people with or without a neurological diagnosis. Although the authors do not
operationally define “neurologic diagnosis,” community-dwelling elders who have fallen or have
an elevated risk of falling are considered within this classification.131 The Brief-BEST would be
the most compatible of the three BESTest versions for this study because of its diminished
number of items requiring under ten minutes to complete, high sensitivity for predicting falls
(100%), specificity for predicting non-fallers (100%), and interclass correlations reliability
coefficients (ICC) (α = 0.98).127 However, the Brief-BEST was only validated for identifying
fallers diagnosed with Parkinson’s disease and this tool lacks a clear cut-off point for fall risk.132
The Mini-BEST has age-related normative scores for ages 50-89 established in a Canadian
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population and is somewhat more robust than its briefer version.130 When both sensitivity and
specificity are maximized, a cutoff score of 20/32 (63%) was identified for the Mini-BEST
(sensitivity = 0.88, specificity = 0.78) and 69% was identified for the BESTest (sensitivity =
0.84, specificity= 0.76). When maximizing sensitivity and LR−, a cutoff score of 23/32 (72%)
was identified for the Mini-BESTest (sensitivity = 0.96, specificity = 0.47) and 84% for the
BESTest (sensitivity = 1.00, specificity = 0.39).128 The problem using cut-off score data from
Leddy et al was that they miscalculated the total score of the Mini-BEST. The total score was 28
rather than the 32 points from which they based their validity calculations.129 The normative age
reference data, however, established by O’Hoski et al can serve as appropriate cut-off scoring as
this publication appropriately scored the Mini-BEST out of 28 possible points. Despite its
excellent discriminative validity,124,130 this fall screening tool is not appropriate for telerehab
applications because of safety concerns for participants with administration of the Romberg on
foam surface and the lateral push and release items from a remote rater. Furthermore,
consistency of forced perturbations would likely be inconsistent with untrained examiners such
as a family member serving as a safety assistant during administration of a remote screen. Given
these client safety concerns as they relate to this study’s target population, the BESTests will not
be selected for inclusion in telerehabilitation delivery system applications. However, the robust
nature of the BESTests and their excellent validity and reliability metrics lend well to its use as a
reference standard comparison for other FMA or MAT screening tools selected for remote
implementation.
Berg Balance Scale
Similar to the BESTest, the Berg Balance Scale (BBS) has two versions: the original
BBS and the short form BBS (SFBBS). The BBS was a 14-item fall risk prediction tool with
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normative data for community-dwelling older adults, as well as established fall-risk cut-off
scores in the general elderly, individuals with spinal cord injury, and individuals who have
suffered a stroke. The SFBBS was a seven-item scale validated only for use in patients who have
had a stroke.124,133,134 Therefore, the SFBBS was not be considered for use in this telehealth study
despite its more efficient ten-minute time to administer as compared to the original BBS which
requires 15-20 minutes to complete.133 The BBS has long been considered the “gold standard” of
fall screening tools. Berg et al established a cut-off score of 45 for elderly who may be at a
greater risk of fall and a score of 56 indicating that the elderly client demonstrated functional
balance.134 Shumway-Cook et al build upon Berg’s foundational psychometric data reporting
excellent sensitivity (91%) and good specificity (82%), and added an additional cut-off score of
40 indicative of almost a 100% fall risk.135 The BBS has excellent test-retest reliability (ICC α =
0.91) and intra-rater reliability (ICC α = 0.97) among community dwelling older adults, but the
majority of inter-rater reliability, sensitivity, and specificity properties that support the use of the
BBS relate to populations outside of the context of this study.124,136-138 Furthermore, two of the
14-items on the BBS pose a potential safety risk to participants given the remote location of the
clinician. The BBS requires the participant to stand with their eyes closed. The second item
posing safety concerns is requesting that the client pick up an object from the floor from a
standing position. Participation in this activity places research participants at a heightened risk of
spinal compression fractures. Because inclusion criteria that screens for existing compression
fractures and T/Z scores would be cost- and time-prohibitive, the investigator and an
osteoporosis rehabilitation consultant both feel that the risks of asking a potentially osteoporotic
participant to pick something off of the floor does not outweigh the potential benefits from their
participation in this task.139 Because the results of this study may potentially influence the care
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management of elderly who reside in rural territories as a means of accessing preventive
healthcare services, it was important to consider that prospective telerehab care recipients may
not have received prior bone density screening and/or adhere to pharmacotherapy regimens.41,140
Given these client safety and psychometric property concerns as they relate to this study’s target
population, the BBS was not selected for inclusion in this telehealth screening study.
Clinical Test of Sensory Interaction and Balance (CTSIB)
The CTSIB has six components or conditions which progressively challenge an
individual’s visual, somatosensory, and vestibular systems. This assists clinicians in evaluating
the influence that each sensory system potentially has on instability, postural control, and fall
risk.141 Implementation of the CTSIB requires participants to maintain their balance for up to 30
seconds on each of six conditions: firm surface with eyes open, firm surface with eyes closed,
firm surface with visual conflict, unstable surface with eyes open, unstable surface with eyes
closed, and unstable surface with visual conflict.141 The CTSIB, also referred to as the “Foam
and Dome” test, is a valid fall risk screening test. A modified, briefer version (mCTSIB) of the
CTSIB creates an abbreviated method of analyzing functional balance and postural sway by
eliminating the visual conflict components. The four conditions of the mCTSIB are eyes open
firm surface, eyes closed firm surface, eyes open unstable surface (foam), eyes closed unstable
surface (foam). The mCTSIB can be performed with or without computerized analysis, thus
making it more applicable to residential or community gathering environments such as a senior
or religious center. Eyes open while standing on foam was associated with falling.142 According
to a 1992 study by Anacker and Di Fabio, the CTSIB has excellent test-retest reliability (r =
0.75)143 but their 1996 published work notes the CTSIB having limited predictive validity (75%
fallers, 60% non-fallers) and very low sensitivity (44%) among community-dwelling older
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adults.141,143 The mCTSIB can be a cost-effective and efficiently administered screening tool;
however, it has limited published utility with accurately screening for fall risk. As was the case
with the Mini-BESTest and BBS, safety concerns arise for participants with the administration of
the Romberg on a foam surface. Therefore, the CTSIB was not selected for inclusion in this
telehealth screening study.
Dynamic Gait Index
The Dynamic Gait Index (DGI) is an eight item fall prediction tool that has been tested in
a variety of populations and only requires ten minutes or less to administer. Similar to the BBS,
the DGI has well-established cut-off scores and normative data for community-dwelling older
adults.124 Test-retest reliability has not been calculated in the community-dwelling elderly, but
standard error of measurement (SEM) was acceptable (1.04) and intrarater reliability (ICC α =
0.89-0.90) as well as interrater reliability (ICC α = 0.82-.092) was good to excellent in this
population.124,138 Because the DGI has several scoring items that involve head turns and change
in speed/direction, the DGI has demonstrated excellent validity metrics when implemented in a
population with varying degrees of vestibular dysfunction.144,145 However, sensitivity and
specificity has not been calculated for the DGI in a general community-dwelling elderly
population.124 Because predictive validity statistics are not available for the target population of
this proposal and because of observation analysis concerns when interfacing the potential
challenges of reliable video transmission with scoring this tool, the DGI was not selected for
inclusion in this telehealth screening study.67,124,146
Functional Reach Test (FRT)
The standing Functional Reach Test (FRT) requires approximately five minutes to
administer and requires a yardstick and colored tape. The forward FRT has been tested in
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community-dwelling elders, and according to Weiner et al, has a cut-off point of less than seven
inches as indicative of requiring assistance to leave home, being more restricted with ADL’s, and
having limited in mobility skills.147 Thomas et al calculated a 75% sensitivity and 67%
specificity in distinguishing fallers from non-fallers among frail elder patients.148,149 Despite the
ease of use and portability of the FRT, most published findings fall below the recommended 70%
sensitivity and specificity guidelines from Perell et al and Oliver et al.78 In contrast with other
commonly used and portable screening tests, Thomas et al found the POMA and single leg
stance test to be more predictive of prior falls than the FRT.149 Despite this, the FRT has
excellent test-retest reliability (ICC α = 0.89 - 0.92) when applied to community-dwelling elders,
and according to Weiner et al, has good correlation with gait speed (r = 0.71), tandem walk (r =
0.67), mobility skills (r = 0.64), and one-legged stance (r = 0.64).147 Its ability to be applied to a
telerehab delivery system, however, was brought into question because of the limited availability
of yard sticks at the point of origin (home or community center) and the ability to accurately
measure functional reach without specialized engineering software. As with other tests and
measures, the physical therapist would need to plan in advance of fall screening sessions.
Clinicians could mail a yard stick or wall-mounted poster to prospective care recipients in
advance of screening appointments. Alternatively, clinicians could request that a yard stick be
provided by the individual or community center, in addition to a request for a suitable person to
guard participants during the fall screen tests. Because of its portability, moderate to good
correlation with other highly valid screening tools such as gait speed, and because of its
recognition in the healthcare literature, the FRT was selected for inclusion in this telerehab
feasibility investigation.
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Gait Speed Measurement
Gait speed is a functional “vital sign” indicative of underlying physiological processes
and predictive of future health events.150-152 Vital signs are summary indicators of multiple
physiologic system inputs that reflect the overall health of an organism. Additionally, vital signs
are characteristic of normal and abnormal ranges and assist physicians with differential
diagnoses.35 Fritz and Lusardi, in a white paper titled Walking Speed: the Sixth Vital Sign,
promote gait speed as fitting these descriptions.151 Like blood pressure when examining
cardiovascular health, gait speed cannot stand alone as the only predictor or evaluative tool for
function.151,152 However, gait speed is an efficient, standardized screening tool and outcome
measure that can be easily reproduced in most clinical settings.
The literature confirms that gait speed data is sensitive, specific, and responsive to
change over time. Gait speed, otherwise referred to as walking speed or gait velocity, has
excellent utility, reliability, and validity, and is correlated with functional ability, balance, and
more serious falling patterns, activities confidence, cognitive status and executive functioning,
hospitalization, and mortality.150-152 Gait speed is normative referenced.35 In well-functioning
older adults, usual gait speed of less than 1.0m/s (2.2mph) identifies persons at higher risk of
health-related adverse outcomes.151 In contrast, the cut-off point of >1.0m/sec was also
predictive of independence with activities of daily living (ADLs), reduced hospitalization risk,
and an important threshold for effective community ambulation. In fact, healthcare providers can
correlate walking speeds >1.2m/sec with an ability to navigate street cross walks, negotiate many
stairs, and engage in light yard work, and should consider a client walking at this threshold
extremely fit.151
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To the contrary, another important cut-off point is 0.6m/sec (1.3mph). Individuals whose
gait speed was below this threshold are “severely impaired” and likely dependent with ADLs
(bathing, dressing, grooming, continence) and instrumental (I)ADLs (managing medications,
finances; meal preparation, shopping). Middleton et al reported that gait speed <1.0 m/sec
predicts cognitive decline within five years and clients with gait speeds of <0.8m/sec are two
times more likely to have frailty if they are 75 years of age or older.150 Individuals with gait
speed that averages between 0.4–0.8m/sec are considered limited community ambulators, and
individuals who walk below 0.4m/sec are characterized as homebound and, therefore, labeled
household ambulators.35,151,152
These cut-off points are strongly associated with rising incidence of falls. To detect gait
speed and subsequent fall risk, the most common methods for measurement are the 4 meter, 10
meter, and 6-minute Walk Tests.153 Some medical publications reference the Timed Up and Go
(TUG) Test as a method to appraise gait speed. Because the TUG involves the tasks of arising
from a chair, motor planning with turning and then sitting down, it was not the most direct
measurement of the walking speed construct. The 6-minute Walk Test can be influenced by
endurance, and for this study’s purposes, would not be as efficient as the 4-meter Walk Test, for
example, in quantifying gait speed.152 Like the FRT, gait speed can be calculated in five minutes
or less and has been tested in a wide variety of populations including community-dwelling older
adults.99 Calculation of gait speed appears to be an efficient, meaningful, and safe screening tool
to investigate with a telerehabilitation system, and therefore, the 4-meter Walk Test was selected
for inclusion in this investigation.
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Performance Oriented Mobility Assessment (POMA)
The Tinetti Performance Oriented Mobility Assessment (POMA) is a 16-item fall risk
prediction tool that has two sub-tests within it: the POMA Gait (POMA-G) has seven items and
the POMA Balance (POMA-B) has nine items. The entire tool requires 10-15 minutes to
administer, but the POMA-G requires less than three minutes.154 Similar to the BBS and DGI,
the POMA has cut-off scores for fall risk and also normative data for older adults aged 65-80.
General responsiveness of the POMA is adequate to good, with several studies reflecting
sensitivity at 64-68% and specificity at 66-78% among older adults without Parkinson’s disease
or stroke.64,155 However, the POMA’s sensitivity and specificity are improved when the tool is
administered on a frailer population.
Sterke et al reported the sensitivity of the total Tinetti POMA (POMA-T) score at 85%
and sensitivity for the POMA-B at 70% in an ambulatory nursing home population.156 Thomas et
al further validated this conclusion reporting sensitivity of the POMA-t at 83%, and specificity
markedly improved to 72% when administered on frail elders.149 The non-neurologically
impaired population referenced by Sterke et al and Thomas et al are consistent with prior
descriptive data for the homebound or community-dwelling elderly.149,156 Like many other fall
risk assessment tools, the POMA’s intra- and inter-rater reliability has been calculated in a wide
variety of disorders. Intrarater reliability (ICC α = 0.84 Thomas et al) and interrater reliability
(ICC α = 0.692 - 0.96) are good to excellent among older adults, with the greatest amount of
variability reported for the POMA-B score.154,155 One of the major limitations reported in the
literature was a high ceiling effect with the POMA. A ceiling effect has also been reported with
the DGI and, to a lesser degree, the BBS.157 However, because the focus of this investigation was
on screening applications and not intervention-focused outcome measures, responsiveness over
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time was not a significant criterion for tool selection. There are potential safety issues with
administering the POMA-B via a telerehab delivery system; however, the seven-item POMA-G
can serve as an opportunity for the clinician to both observe and quantify gait. Given the
portability, good statistical properties when applied as a screening tool, and ease of use and time
efficiency with administering the POMA-G, it was selected for inclusion in this investigation.
Short Physical Performance Battery (SPPB)
The short performance battery is a fall screening tool used to quantify lower extremity
function in older adults.158 As with other fall and mobility screening tools, the SPPB has been
studied with multiple patient populations including those suffering from stroke. Stookey et al
recently reported a significant correlation between the SPPB and the 6-minute Walk Test (r =
0.76) and peak fitness (r = 0.52) indicating that the SPPB may be reflective of longer duration
functional mobility performance.159 This tool has a 12-point summary scale comprised of
balance, gait speed, and sit to stand sub-scales. Most data exists in support of the SPPB as an
outcome measurement tool given its known MCID (0.54 - 1.34 points) and standard error of
measurement (1.42 points). According to Puthoff, decline in SPPB scores have predictive
validity among older females who experienced a heart attack, stroke, or hip fracture over a 3year period.160 The literature has little information about the sensitivity and specificity of the
SPPB as a fall screening tool among community-dwelling older adults, but it has been found to
have good discriminative validity in detecting frailty (R2 = 0.33).161 This tool was not selected
for inclusion in this study due to its similarity with other tools selected. The SPPB is further
analyzed below in comparison with the STEADI.
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Thirty Second Chair Rise
This test was developed by Jones et al to overcome the floor effects of a repetitionlimited five-time sit to stand test. The 30-second Sit to Stand Test (30STS) was a lower
extremity strength measure that involves counting the number of repetitions that one can stand
without using their upper extremities within 30 seconds. Jones et al initially established mean
chair rise repetitions for community-dwelling elders at 13.7 (SD 3.2) for men and 12.7 (SD 3.6)
for women.162 In 2013, Riki and Jones established age related cut-off scores among moderately
active older adults; these cut-off scores range from 15-16 repetitions among women and men
ages 65-69 to nine repetitions for individuals ages 90-94. The 30STS has strong current validity
with leg press performance, and therefore, lower extremity strength (r = 0.77 - 0.78). Lower
extremity weakness is linked to falls in the elderly.163 The 30STS was selected by the CDC for
inclusion in the STEADI fall screening and risk classification algorithm.64 The 30STS requires
under 5 minutes to administer and can easily and safely be reproduced in all practice settings
including telerehabilitation.162
Timed Up and Go (TUG)
The final FMA tool to be considered for inclusion in this study was the TUG. The TUG is
a commonly used screening test for mobility dysfunction and as a predictor of fall risk in the
elderly. It is a simple test requiring under three minutes to administer, but provides the examiner
information that is reliable and valid.124,135,164 Despite the context of this test being different from
the BBS, DGI, and POMA, the TUG also has cut-off scores and normative reference data for
community-dwelling older adults.124 This tool has excellent reliability with test-retest (ICC α =
0.97), intra-rater reliability (ICC α = 0.92), and inter-rater reliability (ICC α = 0.91).124 The TUG
has been shown to be useful with not only predicting future falls but also frequent “near-falls” in
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older adults with hip osteoarthritis.165 Herman et al concluded that the TUG was the appropriate
tool for clinical assessment of functional mobility favoring the TUG over the BBS and the DGI.
Herman et al further highlighted the applicability of the TUG to healthy community-dwelling
older adults and stated that it was related to executive cognitive function.164 The Rehabilitation
Measures Database summarizes the TUG’s concurrent validity with other important measures of
function in the non-neurologically compromised older adult population. These correlations, as
published by Podsiadlo & Richardson, are as follows: gait speed (r = -0.61), the Barthel Index of
ADL’s (r = 0.78), and the BBS (r = -0.81).124 Lin et al determined that the TUG has adequate
correlation with the Tinetti POMA (r = -0.55 POMA-B, r = -0.53 POMA-G) and walking speed
(r = 0.66). Brooks et al reported adequate correlations between the TUG and FRT (r = -0.36) and
good correlation between the TUG and two minute walk test (r = -0.68).124 Consistent with the
need to identify fall risk prior to an injurious fall, the TUG was validated for predicting falls
within six months after hip fracture (>24 seconds) and predicting a requirement for ambulation
aides and dependency in activities of daily living (>30 seconds).135
Because of its ease of use, clinical utility, and strong psychometric properties identified
in the literature, the TUG was selected for integration with this remote fall screening
investigation. The TUG does not tier fall risks as low, moderate, and high and there is some
ambiguity with a clear dichotomous cut-off score for fall risk among community-dwelling elders.
However, the TUG enables the clinician to perform an observational transfer and gait analysis,
and gain information on general lower extremity functioning.164 Like the 30STS, the TUG was
selected by the CDC for inclusion in the STEADI fall screening and risk classification
algorithm.20 Although deemed reliable and accurate when applied over a telehealth delivery
system, Russell et al did not apply the TUG with general community-dwelling older adults nor
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did they investigate the TUG’s relationship with predicting past or future falls when delivered by
a remote clinician.166
STEADI Algorithm (Stop Elderly Accidents, Deaths, and Injuries)
The prevention of elderly falls has received growing attention from healthcare policy
makers and payer sources.16,167 The STEADI is a hybrid tool combining both FMA and MAT
properties defined by Scott et al. In a 2011 summary of the Clinical Practice Guidelines (CPG)
established by the American (AGS) and British Geriatrics Societies (BGS), multi-factorial
screening, assessment, and interventions are described as vital preventative initiatives required to
reach an important public health objective of reducing elderly fall rates.79
Over two million older adults are treated in emergency departments for nonfatal fall
injuries each year, one out of five falls causes a serious injury such as head trauma or fracture,
and direct medical costs for fall injuries total over $28 billion annually.36 Because less than half
of Medicare beneficiaries who fell in the past year spoke to their healthcare provider about it, the
Centers for Disease Control and Prevention (CDC) is encouraging all healthcare providers to
make fall prevention part of their clinical practice.20 In fact, the CDC developed the STEADI
toolkit from the American and British Geriatric Societies’ Clinical Practice Guidelines79 as a
robust initiative for guiding the screening of fall risks and the subsequent education of older
adults, their friends, and their families about falls.20 The goal of this initiative is care planning
and prevention.20 The Stopping Elderly Accidents, Deaths & Injuries or STEADI toolkit and
resources is free to both clinicians and care recipients.20 Psychometric properties for reliability or
validity of the STEADI are unpublished and not discoverable on the CDC website. However, the
STEADI was adopted based upon evidenced-based Clinical Practice Guidelines published by the
AGS and BGS. This provides the STEADI fall screening framework face validity. Because most
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falls are multi-factorial in etiology, the STEADI was constructed to address both intrinsic and
extrinsic risk factors.20
The CDC website (cdc.gov/steadi) is designed to be a resource for both providers and
consumers. The STEADI toolkit includes an algorithm for screening and categorization of fall
risk (Appendix B).20 This algorithm for evidence-based35,65,168 risk screening, assessment, and
interventions is transparent and readily accessible on the CDC website for providers and
recipients of fall risk screening initiatives.20 The screening process commences with the
consumer or patient completing the “Stay Independent” brochure (Figure 1). This brochure
includes a 12-item questionnaire with a cut-off score of 4. Two items are weighted at two points
(I have fallen in the past year; I use or have been advised to use a cane or walker to get around
safely), whereas the remaining ten items are weighted at a maximum of one point each for a total
of 14 possible points. The CDC has not published reliability or validity statistics on this
questionnaire nor is its relationship with the three-tiered fall risk algorithm. However, this
component of the algorithm serves as the multi-factorial risk assessment.
Circle “yes” or “no” for each statement below
Yes(2) No(0)
I have fallen in the past year.
Yes(2) No(0)

I use or have been advised to use a cane
or walker to get around safely.

Yes(1) No(0)

Sometimes I feel unsteady when I am
walking.
I steady myself by holding onto to
furniture when walking at home.
I need to push with my hands to stand
up from a chair.
I am worried about falling.

Yes(1) No(0)
Yes(1) No(0)
Yes(1) No(0)
Yes(1) No(0)
Yes(1) No(0)

I have some trouble stepping up onto a
curb.
I often have to rush to the toilet.
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Why it Matters
People who have fallen once are likely
to fall again.
People who have been advised to use a
cane or walker may already be more
likely to fall.
Unsteadiness or needing support while
walking are signs of poor balance.
This is also a sign or poor balance.
This is a sign of weak leg muscles, a
major reason for falling.
People who are worried about falling
are more likely to fall.
This is also a sign of weak leg muscles.
Rushing to the bathroom, especially at
night, increases your chance of falling.

Yes(1) No(0)
Yes(1) No(0)

Yes(1) No(0)
Yes(1) No(0)

TOTAL _______

I have lost some feeling in my feet.

Numbness in your feet can cause
stumbles and lead to falls.
I take medicine that sometimes makes
Side effects from medicines can
me feel light-headed or more tired than sometimes increase your chance of
usual.
falling.
I take medicine to help me sleep or
These medicines can sometimes
improve my mood.
increase your chance of falling.
I often feel sad or depressed.
Symptoms of depression, such as not
feeling well or feeling slowed down,
are linked to falls.
Add up the number of points for each “yes” answer. If you scored 4 points or more,
you may be at risk of falling. Discuss this brochure with your doctor.

Figure 1. “Stay Independent” Brochure Questions
As an alternative to completion of the Stay Independent brochure, providers can simply
ask the following key questions: 1) Has the patient fallen in the past year?; 2) Does the patient
feel unsteady when standing or walking?; and 3) Does the patient worry about falling? These
questions and the CDC brochure are based upon AGS/BGS recommendations.35,168 If the patient
scores > 4 on the Stay Independent brochure or answers yes to any of these three key questions,
the algorithm suggests that the provider perform or refer the patient to a provider for a Timed Up
& Go (TUG), 30-second Chair Rise, and 4-Stage Balance Tests. If the patient scored less than
four (4) on the Stay Independent brochure or replied no in response to each of the three
questions, the patient is not referred for screening of balance, mobility, or strength and is
classified as low risk. If the patient scores > 4 on the Stay Independent brochure or answers yes
to any of these three key questions but no mobility, lower extremity strength, or balance
problems were identified through the three standardized screening tools, the older adult was also
classified as low risk for falls. If mobility/gait (TUG), strength (Chair Rise), or balance (4-Stage
Balance) problems are identified through implementation of these screening tools and the patient
reports experiencing at least one injurious fall, a multifactorial fall risk assessment is
recommended and these older adults are classified as high risk.20,64,167 If gait, strength, or balance
problems are identified through implementation of these screening tools, but the patient has not
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experienced any falls or the patient has no history of injurious falls, then the older adult was
classified as moderate risk. Whether classified as low, moderate, or high risk, the STEADI’s
algorithm outlines tiered follow-up interventions, exercise or community fall prevention
programs, and/or patient education.20
Although the CDC’s decision-making algorithm is consistent with the evidence-based
guidelines summary from the American Geriatrics Society,79 the APTA’s Academy of Geriatric
Physical Therapy and American/British Geriatric Societies do not specifically prescribe specific
tests to screen constructs of gait, lower extremity strength, or balance. Their recommendations
provide the clinician latitude with selecting the most appropriate tests and measures for
quantifying fall risk.35 The CDC, however, does prescribe tests and measures for screening fall
risk. While the CDC has included the TUG, Chair Rise, and 4-Stage Balance tests for provider
use, these tools may not be appropriate for all patients and for integration with a telerehab
delivery system. Future investigations should investigate whether other screening tools have
potential for inclusion in the STEADI toolkit. An element of flexibility when examining the
constructs of gait, strength, and balance may be helpful to a telerehabilitation provider, for
example, who may need to modify traditional fall screening tools based upon the needs of a
remote client. Follow-up research on the STEADI beyond this investigation is recommended.
Although not all CDC resources are directly related to this investigation, the STEADI
toolkit includes a comprehensive list of supplemental materials for providers to reference or
administer to their patients. These materials are categorized into one of six titles:
1) Make Fall Prevention Part of Your Practice. This section includes six provider
documents focusing on fall prevention.
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2) Get Background Information about Falls. This section includes three provider
documents focusing on the incidence, significance, and risk factors including medications
associated with elderly falls.
3) Case Studies Featuring Patients at Risk of Falling. This section provides a case study
representing each of the algorithm’s three fall risk categories.
4) Use Validated Tests to Assess Your Patients’ Falls Risk Factors. This section includes
forms to perform and record the TUG, 30-second Chair Stand Test, 4-Stage Balance Test,
and to measure orthostatic hypotension. This section also includes instructional videos for
each of the three screening tools.
5) Offer Your Patients a Medical Referral. This section includes a form to refer a patient
to a specialist for gait, mobility, or other medical problems that may increase his or her
risk of falling.
6) Offer Your Patients Encouragement, Resources & Referrals. This section includes
brochures to provide to patients about fall risks and provider templates for activities such
as recommended community program resources.20
The STEADI algorithm evaluates three functional performance domains associated with
falls and the history of fall-related injuries. Although each test that screens for gait, lower
extremity strength, and balance are individually reliable and valid, Ward et al confirm that the
literature lacks evidence about these tests when performed in combination with other
assessments such as a falls history or appraisal of self-efficacy (i.e., worrying about falling).158
The STEADI lacks psychometric data in support of the FMA portion of the algorithm; however,
its combination of the TUG, 30-second Chair Rise, and 4-Stage Balance tests closely resembles
the Short Physical Performance Battery (SPPB) with the exception of some variation with foot
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placement on the balance testing. In addition, an eight foot (2.44 meters) walk test is on the
SPPB, whereas the TUG is integrated into the STEADI. Both tests provide a timed mobility
metric and an opportunity to qualitatively observe functional mobility. The SPPB and each
screening test within the STEADI have established cut-points and normative data. The SPPB is
predictive of disability and mortality in older adults.158 Individually, subcomponent tests of the
FMA portion of the STEADI algorithm have been researched and psychometrically reported for
face-to-face assessments. Unfortunately, no psychometric data was published by the CDC
supporting the STEADI’s algorithm.
In a 2015 publication, Ward et al hypothesized that combined with fall history and falls
self-efficacy, the SPPB and/or its sub-component screening tests would predict injurious falls. In
a prospective cohort sample (n=755), those that experienced injurious falls (n=221) over an
average follow-up time of 2.43 years was best predicted by fall history, whereas falls efficacy
measured by the Falls Efficacy Scale and the SPPB score did not predict injurious falls.
Participants with the poorest chair stand performance (>16.7 seconds) had a greater incidence of
injurious falls than other predictor variables. A slow chair stand test and history of falls were
associated with the highest (46%) incidence of injurious falls over a two-year period compared
with other predictor models which included balance tests and gait speed.158 It was notable that
Ward et al reported that having a slow chair stand time without a previous history of falls was
associated with a marginally higher incidence of injurious falls but not significantly different
from other low risk groups classified by the CDC algorithm.158 The research examining the
predictive nature of the SPPB test by Ward et al was consistent with public health initiatives
aimed at reducing the frequency and sequelae of elderly falls. No published research exists
examining the relationship between prior falls and the STEADI, nor have the STEADI’s
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screening tools been examined for their predictive validity when implemented as recommended
by the CDC.
The STEADI is a new fall screening and fall prevention educational tool. It has not yet
been examined for its psychometric properties. Despite this, it was consistent with AGS/BGS
recommendations, and, therefore, may be considered the criterion standard for multi-factorial fall
screening tools. However, because the STEADI is not yet validated, it will be referred to as a
reference standard and not a gold standard. Furthermore, the STEADI includes individually
validated tools which assess constructs of gait, strength, and balance, and it closely mirrors
integrated tests such as the SPPB which has components that have been proven to have positive
predictive validity. Physical therapists, for example, have a plethora of validated screening tools
for gait, strength, and balance, and no single fall risk screening tool is recommended for
implementation in all settings of healthcare or for all subpopulations within each care delivery
setting.78 Healthcare providers have an ethical obligation to adapt to the individual needs,
preferences, and clinical presentation of their clients. The implementation of fall screening
services provided by a remote physical therapist may demand additional adaptability, and
research was lacking to guide these evidenced-based decisions. For example, a patient with a
knee contracture may have difficulty participating in the STEADI’s Chair Rise Test. Results on
this test may result in a false positive outcome. Modifying a standardized test from its tested
protocol could invalidate the outcome and interpretation by the clinician. Therefore, future
investigations should ask the question: “What other tests and measures could be substituted
while still providing the clinician reliable and meaningful data to complete the STEADI’s fall
risk algorithm?”
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Another example of the need to select alternative tests and measures for the construct of
gait could occur if a care recipient was unable to follow directions to complete the TUG, or was
unable to properly set-up the test from their originating site. Which combinations of tests and
measures that are deemed safe and transferrable to a telerehab delivery system can provide
clinicians the most predictive gauge of fall risk measured in combination with the CDC’s “Stay
Independent” brochure, for example? Based upon the literature and the detailed analysis of other
FMA screening tools, the STEADI has the potential to include alternatives to the TUG, Chair
Rise, and 4-Stage Balance tests within the screening algorithm. Despite these identified
weaknesses of the STEADI when implemented by face-to-face or remote clinicians, the
STEADI, as the current reference standard of multi-factorial fall screening tools, will be
investigated for its feasibility of implementation using a telerehab delivery system as a starting
point to answer the research questions outlined in this study.
A review of the physical therapy literature and Rehabilitation Measures Database
highlights numerous standardized tools potentially available for use by clinician raters when
screening an older adult’s fall risk. These tools are often times validated on some, but not all,
populations. The goal is to screen patients in advance of an injury. Regardless of the tool(s)
selected by clinicians or which discipline implements the screen, standardized screening tools
should demonstrate strong psychometric properties to minimize false negative rates, while also
maximizing true positive rates.37 Most tools simply focus on the examination or screen of
balance and gait. This is exemplified by classically utilized and referenced tools such as the Berg
Balance Test, TUG, and Tinetti POMA.65 However, the contemporary literature and the most
current Clinical Practice Guidelines from the American and British Geriatrics Societies
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recommend a multi-factorial fall risk assessment.168 The CDC’s STEADI toolkit was developed
in response to these guidelines.
Risk factors for falling can further be classified as either intrinsic or extrinsic. Examples
of intrinsic risks for falls are lower extremity weakness, poor grip strength, balance deficits, and
visual and cognitive impairment. Examples of extrinsic risks for falls are polypharmacy (defined
as 4 or more prescription drugs), and environmental factors such as loose carpets, poor lighting,
and lack of bathroom safety equipment.168 Polypharmacy and the prescription of psychotropic
and cardiac medication both present as serious intrinsic fall risk factors.35 The STEADI is the
only multi-factorial fall risk screening tool to have received the endorsement from the CDC.
Furthermore, the fall risk algorithm published by the CDC and recommendations from the
APTA’s Academy of Geriatric Physical Therapy include key evidenced-based questions about a
patient’s 12-month fall history,20 difficulty with balance or walking,20,35,64 and worries or anxiety
about falling.20 If a client is determined to have an elevated fall risk, all relevant intrinsic and
extrinsic risk factors can be assessed in further detail by the interprofessional healthcare team.
The STEADI is the most contemporarily developed fall risk screening tool, and it
incorporates both multi-factorial risk assessments and a classification system. The STEADI is
potentially compatible for telerehab delivery systems. As outlined, the CDC integrated three
functional screening tools to appraise the lower extremity strength, balance, and mobility of
older adults. What is not known is how the TUG, 4-Stage Balance Test, and 30-second Sit to
Stand Tests function as a group or compare with other valid and reliable screening tools when
implemented individually or bundled together. This matter was central to research question 2
(Are fall risk screening conclusions that are derived remotely equivalent to other reference
standard face-to-face screening tools?) in appraising the STEADI’s concurrent validity when
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implemented through a telerehab delivery system with what appears to be the current criterion
standard of FMA fall screening tools, the BESTests. Central to research question 3 (Are
outcomes of fall screening measures that are performed remotely consistent with those
performed face-to-face?), this study is needed to evaluate interrater consistency and the
feasibility of conducting selected fall screening assessments among remote and face-to-face
raters. Rater agreement and feasibility is first needed to be established so that the individual tests
can be analyzed for potential fit into the STEADI algorithm in future investigations. In addition,
inter-environment reliability and rater agreement, and validity metrics examining the relationship
with prior and future falls, for example, must be established before clinicians can begin to
consider a telerehabilitation delivery system for appraising elderly fall risks. Only one study has
been published regarding the reliability and accuracy of fall and mobility screening tools
delivered via telehealth. Russell et al recently appraised the use of the TUG, BBS, and functional
reach using a proprietary telehealth system investigating the feasibility of examining individuals
diagnosed with Parkinson’s disease.166 Although this was ground-breaking research in the field
of telerehabilitation, it is well known that individuals with Parkinson’s disease are already at
elevated fall risk as a result of physical manifestations from the disease process. Furthermore,
taped-recorded calculation of these assessments were aided by computer software not accessible
to the vast majority of clinicians in the world, and it is not yet available commercially in the U.S.
What is needed is to reach the estimated 50 million people age 65 and older here in the
United States169 who statistically have the greatest risk of injurious falls, loss of independence,
and financial impact on the healthcare system.1,170 To accomplish this access goal, researchers
should consider investigating the application of commercially available audiovisual conferencing
systems that are simple yet secure, HIPAA compliant, cost-effective, and readily available. Once
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the feasibility, acceptance, consistency, and accuracy of telerehabilitation among communitydwelling older adults is established in the literature, customization of software such as the one
selected by Russell et al may serve a more meaningful clinical role. For now, the investigation
methods used by Russell et al are unable to be reproduced, and therefore, render little clinical
application and reference to this investigation. Because telehealth is not reimbursable by most
third-party payers, including Medicare, when delivered by a physical therapist, elaborate
software systems are not likely to be purchased for clinical use. In consideration of these current
legislatively-imposed revenue limitations, further research is needed to supplement Russell’s
preliminary work with older adults.
For providers to implement these standardized screening tools and theoretically reduce
the rates of and expenses associated with elderly falls, older adults need greater access to
clinicians who are skilled in this area. To that end, methods selected by healthcare providers
should be acceptable to recipients of these fall screening initiatives. Telehealth delivery systems,
if acceptable to the end-user, have the potential to provide older adults greater access to licensed
physical therapists. This investigation has the potential to directly impact elderly fall rates by
investigating telerehab as a possible strategy or modality to meet the CDC’s call to action
directed at healthcare providers.
Summary
A comprehensive review of the literature identified a plethora of commonly used fall
screening tools that apply to a variety of patient conditions. Although the contemporary literature
did not label any fall screening tests a “gold standard,” the robustness of the BESTests and the
multi-factorial nature of the STEADI capture these two tests as leading candidates for selection
with community-dwelling older adult populations. However, telerehabilitation providers must
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consider patient safety when implementing readily available and psychometrically valid fall
screening tools. For various reasons, this literature analysis has determined that none of the three
BESTest versions and several other commonly used tests such as the Berg Balance Scale are safe
to be conducted by a remote clinician, and concurrent validity with the normative referenced
Mini-BEST needs to be established in order to merit the outcomes of any remote fall screening
assessment results.
Current AGS and BGS “best practice” guidelines recommend regular assessment of
multi-factorial fall risks by a qualified healthcare provider. Fall risk screens should occur at least
annually or following a fall. The STEADI algorithm is unlike other screening tools in that it
combines a multi-factorial risk assessment (Stay Independent Brochure) with other commonly
used tests for balance, mobility, and lower extremity strength to create an evidenced-based
algorithm. It is the only multi-factorial assessment tool which includes standardized functional
performance measures, client interview, physiologic contributors to falls, risk stratification, and
intervention guidelines. Despite being created by the CDC, the challenge with the STEADI is
that no psychometric data on its reliability or validity exists for comparison with face-to-face
outcomes. Other limitations with the STEADI are with the somewhat arbitrary selection of
component screening tools to appraise mobility/gait, lower extremity strength, and balance, and
it lacks the depth of physical performance measures as compared to the BESTests, for example.
Despite the lack of statistical data available to support the algorithm, the STEADI will serve an
integral role in fulfilling the purposes of this investigation and initiatives promoted by the CDC.
In addition to the STEADI, other fall screening tools will also be tested for their feasibility and
reliability using a telerehab delivery system. A review of the literature with consideration of the
safety of care recipients participating in remote fall risk screening efforts highlights the
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appropriateness of the following tests for inclusion of this investigation: 4-meter walk test,
POMA-G, and FRT. The STEADI already includes the TUG, 4-Stage Balance (single limb,
tandem, narrow stride, and narrow stance tests), and the 30STS totaling nine individual tests that
were analyzed for their feasibility, rater and environment reliability, and concurrent and
predictive validity. Each individual test or a combination of these tests represent potential
options for remote clinicians to select when conducting fall risk assessments on communitydwelling older adults.
The literature is void of publications that investigate a synchronous telerehabilitation
delivery system on community-dwelling, non-neurologically compromised older adults for the
purpose of fall screening. The STEADI algorithm, its toolkit components, and other selected
tests are potentially feasible to implement through telerehabilitation. However, older adults, as
end users of a telerehab delivery system, may not be receptive to receiving healthcare through
these methods. This is despite several studies determining that focus groups of elders were
receptive to “smart” technologies that were aimed at maintaining in-home independence or aging
in place. The Technology Acceptance Model (TAM) provides a framework by which healthcare
providers can determine perceived usefulness and, therefore, behavioral intention and attitude
towards use of a technology application by an end-user. Despite a well-established theoretical
framework to appraise the acceptance of technology, the literature was void of any surveys that
could quantify attitudes and beliefs of older adults towards telerehabilitation delivery systems.
Nonetheless, a robust theoretical literature base in the field of technology acceptance provides a
solid foundation from which to develop a survey instrument to test hypothesis one.
Davis’ early work in the field of technology adoption and acceptance produced the TAM.
Simply, the TAM was developed to explain computer-usage behavior.34 Research and
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development of the TAM was based upon an earlier model of behavioral intention titled, the
Theory of Reasoned Action (TRA). Behavioral intention is ultimately what predicts compliance
with and carryover of medical recommendations.97 Building on Davis’ identification of
perceived usefulness and perceived ease of use as root constructs to predict behavioral intention
to adopt a technology application, Venkatesh et al reevaluated all major theories of technology
acceptance in route to developing and validating the Unified Theory of Acceptance and Use of
Technology (UTAUT) model. Development and validation of the UTAUT was performed from a
thorough analysis of the theory of reasoned action (TRA), TAM, motivational model, theory of
planned behavior, the combined theory of planned behavior/TAM, model of personal computer
use, diffusion of innovations theory, and social cognitive theory.118 Building on published works
from Davis, Venkatesh, Wade, and others, Cimperman et al qualitatively and quantitatively
investigated seven predictive factors that play a role in the influence the perceptions of older
adults towards home telemedicine. Using the root constructs of perceived usefulness and
perceived ease of use of from the TAM and root constructs perceived usefulness, effort
expectancy, social influence, and facilitating conditions of the UTAUT, Cimperman et al
assessed the usefulness of home telemedicine system functionalities.54 Conclusions from
Cimperman et al parallel the UTAUT and served as the basis for the development of this
investigation’s survey tool designed to quantify baseline and potential changes in attitudes and
beliefs towards telerehabilitation services in an older adult population.
A comprehensive review of the technology acceptance literature revealed seven key
constructs that served as a foundation to the creation and implementation of a TR survey
instrument: Performance Expectancy / Perceived Usefulness (Cimperman, Venkatesh 2003,
Wade 2012, Davis 1989), Effort Expectancy (Cimperman, Venkatesh 2003), Social Influence
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(Cimperman, Venkatesh 2003), Facilitating Conditions (Cimperman, Venkatesh 2003),
Perceived Security (Cimperman), Computer Anxiety (Cimperman), and Physician’s Opinion
(Cimperman). In addition, phrasing of Likert scales are consistent with items from Davis’
validated TAM model and published work from Wade et al and Cimperman et al.
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CHAPTER THREE: RESEARCH METHODOLOGY
Introduction
The overall goal of this investigation was to determine if telehealth applications provide
an acceptable, valid, and reliable method of screening fall risk and mobility status in an older
adult population. This chapter outlines the study design, description of participants including
sampling methodology, inclusion and exclusion criteria, statistical measurement procedures
including a priori sample size projections, and methodology that was used for content validation
of a survey and for the procedural collection of clinical data.
With the exception of the STEADI toolkit, the literature reflects adequate to excellent
psychometric properties in support of the Mini-BESTest, TUG, FRT, gait speed, 30-second
Chair Rise (30STS), and POMA-G when used for fall risk screening.124,130,131,148,155,162,164,171,172
This established literature base allowed this investigation to focus on testing the generalizability
of these screening tools to a telerehabilitation delivery system. Participant completion of a Fall
History Questionnaire distinguished the self-reported fallers from non-fallers.
Research Methods
This study implemented an experimental, quantitative, cross-sectional investigation
employing both pretest-posttest control group and quasi-experimental static group comparison
designs using non-probability sampling methods. Subjects were randomly assigned to either the
control or intervention groups. Once assigned, participants in the intervention group also
participated in the quasi-experimental, static group component of this investigation that included
fall risk screening (Figure 2).
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Control Group
Pre-test TR Survey &
Fall History Questionnaire

Intervention Group
Telerehabilitation Raters
Face-to-Face Raters
Pre-test Survey &
Fall History Questionnaire

*STEADI
Stay Independent Brochure
Questionnaire
Timed Up and Go (TUG)
30-second Sit to Stand (30STS)
4-Stage Balance Test
Single Leg Stance
Tandem Stance
Narrow Stride Stance
Narrow Stance
*Functional Reach Test (FRT)
*Tinetti Performance Oriented
Mobility Assessment (POMA-G)
*4-Meter Walk Test

Post-test TR Survey

*STEADI
Stay Independent Brochure
Questionnaire
Timed Up and Go (TUG)
30-second Sit to Stand (30STS)
4-Stage Balance Test
Single Leg Stance
Tandem Stance
Narrow Stride Stance
Narrow Stance
*Functional Reach Test (FRT)
*Tinetti Performance Oriented
Mobility Assessment (POMA-G)
*4-Meter Walk Test
*Mini-BEST

Post-test TR Survey
6-month Prospective Fall Incidence

Figure 2. Research Design Flow Diagram
Because no validated surveys rooted in the theoretical structure of technology acceptance
exist for integration into this study, the investigator created a survey specific to telerehabilitation
and tested it for face and content validity. This survey was based upon empirically validated
constructs of the Unified Theory of Acceptance and Use of Technology (UTAUT)54,118 with the
goal of measuring an older adult’s behavioral intension to use a prospective telerehabilitation
delivery system.
Procedures
Upon Institutional Review Board (IRB) approval from Midwestern University in
Glendale, Arizona and Nova Southeastern University in Fort Lauderdale, Florida, volunteer
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participants were recruited from but not limited to local senior citizen centers, libraries,
physician offices, and religious congregations in Glendale, Peoria, and Phoenix, Arizona. IRB
approval letters are in Appendix C. The locations from which the investigator accessed
community-dwelling older adults was generalizable to some medically-underserved older adults
who have access to community centers, public libraries, physician services, and worship centers.
This study was unable to include a sampling of participants who reside in rural communities. The
Phoenix metropolitan area is approximately 2-3 hours from regions of Arizona that are
considered rural, and technology barriers with the transmission of real-time video data
necessitated that both the face-to-face and remote screening assessments be conducted in a
controlled setting for a more reliable and secure internet connection.10,11,67,146 This study
employed a wired Ethernet connection via Category 5 or higher (CAT6) cable at Midwestern
University in Glendale, Arizona to ensure connectivity.
This investigation’s target population was community-based older adults, and all of the
selected fall risk screening tools are either valid and reliable or strongly encouraged for use with
the general community-dwelling elderly. Participant recruitment was classified as nonprobability
purposive sampling as this study focused on a pre-defined population representative of
community-dwelling older adults.173 Assignment of volunteer participants, however, to either the
control (survey only) or experimental groups (survey and telerehab fall screening) was largely
randomized based upon every other name on the schedule although occasional attendance and
punctuality issues with pre-scheduled participant appointments necessitated minimal exceptions
to the every other name methodology. For example, if participant cancellations were going to
result in a two or more-participant mismatch between control and experimental groups for each
data collection day, exceptions were occasionally necessary to promote the goal of an equal
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number of participants assigned to both groups over the course of numerous data collection
dates.
Selecting an appropriate sample size is an important component to minimizing the risk
for statistical error and enhancing the power of research initiatives. Factors involved with the
accurate calculation of a sample size include power (1-β), effect size, sample variance, and
significance criterion ().37 An effect size is defined as “an estimate of the magnitude of
difference between groups or the effect of an intervention.”37 Because this was a proof-ofconcept study, there are no prior effect size estimates available for which to base this study’s
sample size. Cohen recommends that researchers estimate the effect size according to operational
definitions for “small (0.2),” “medium (0.5),” and “large (0.8).”37 For this investigation, a
medium effect size was chosen for the a priori sample size estimation. G*Power 3.1 is a
statistical program that assisted the investigator with the calculation of sample sizes in
accordance with estimated effect sizes.174 Based upon G*Power input parameters for power
(0.8), alpha (0.05), and medium effect size (0.5), research question 1 (What effect does exposure
to a telerehabilitation delivery system have on underlying attitudes and beliefs of older adults
about the perceived usefulness of this healthcare delivery option?) would employ the F-test
analysis of covariance requiring a minimum sample size of 34 (17 in each group). Based upon
G*Power input parameters for power (0.8), alpha (0.05), and medium effect size (0.5), research
question 2 (Are fall risk screening conclusions that are derived remotely equivalent to other
reference standard (Mini-BEST) face-to-face screening tools?) would, in part, employ an
independent Spearman rho correlation analysis requiring a minimum sample size of 106 (53 in
each environment); Research question 3 (Are outcomes of fall screening measures that are
performed remotely consistent with those performed face-to-face?) would employ intraclass
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correlation coefficient (ICC) analysis, which is a correlation analysis that does not have strict
guideline on sample size requirement.174 Because sample size projections varied greatly between
research questions, a recruitment sample in the middle of 34 and 106 (n=70) was selected for this
proof-of-concept investigation. Allowing for 10-15% attrition, the investigator recruited over 80
older adults upon IRB approval. Half of the participants were assigned to the control group
(surveys only), and the remaining participants received the telerehabilitation delivery system and
gold-standard face-to-face screening tests (surveys + “intervention” participation in fall
screening tests). Participants from both groups completed the fall history questionnaire
(Appendix D) and were blinded to their assignment until their scheduled date of participation.
Each fall risk screening tool was rated by a team of face-to-face and a team of remote
raters. Each rater team was initially proposed to consist of 1) a physical therapist licensed in the
state of Arizona with at least two years of experience working with older adults and 2) a 3rd year
Doctor of Physical Therapy student with a GPA of at least 3.0 on a 4-point scale. However,
unanticipated scheduling challenges necessitated that each rater team consist of a pair of 3rd year
DPT student raters. This will be further outlined and analyzed in Chapters 4 and 5.
Rater teams were used for both face-to-face and remote fall screen test administration,
but only one rater’s data (rater 1) was used to calculate agreement between face-to-face and
telerehab environments. However, measurements from rater 2 were used to calculate interrater
agreement with rater 1 for each test environment. For screening tests where protocol requires
more than one trial, the best score for each rater was selected. This procedure was used for the
calculation of inter-environment agreement of fall risk, inter-environment agreement of raw
scores, and interrater reliability for each rater environment. Reference of the best time or
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distance, for example, is consistent with clinical practice. For example, the TUG, 4MWT, FRT,
and Four-Stage Balance Tests were each administered twice.
All raters received standardized instructions in the form of YouTube videos and
instructions from a physical therapist with 19 years of clinical experience prior to participating in
the investigation. The order of the fall screening testing was varied to prevent post-test bias,
fatigue, or consistency of effects when completing the TR Survey. For example, the order of the
tests that were administered remotely was flipped every 3 subjects and beginning with either the
Mini-BEST or telerehab tests, was alternated with every other subject. A standardized instruction
and scoring “script” was used by all raters for consistency (Appendix E).
All participants of the control and intervention groups completed baseline and post-test
telerehab surveys examining their attitudes and beliefs about their perceived usefulness of a
telerehabilitation delivery system. The Fall History Questionnaire and the STEADI’s Stay
Independent Brochure questions were administered at baseline to both groups. Participants were
scheduled at 45-minute intervals and intervention group participants were assessed
simultaneously by face-to-face and remote (telerehab) raters at Midwestern University in
Glendale, Arizona (Figure 2).
The telerehab raters were remotely positioned in a designated video-conferencing room
and the face-to-face raters were positioned with the participants in a designated room that was at
least 250 square feet. The telerehab rater team was located in a different building on campus
from the face-to-face teams. The physical layout in the designated face-to-face assessment room
facilitated a 20-foot walking path so that raters could adequately observe gait quality and
velocity on the POMA-G and 4-meter walk tests (Figure 4).
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One of the telehealth raters was designated as the lead clinician (rater 1) and was
responsible for providing all standardized instructions to participants. This lead rater was also a
3rd year DPT student. Instructions provided in real-time by a member of the telehealth rater
group could potentially strengthen the external validity of this investigation. This will be
discussed further in Chapter 5. This consistent “voice” also strengthened this study’s internal
validity by eliminating affective variations of instructions and any potential confounding effects
that changes with tone of voice and gender, for example, may have had on the participants. All
participants received standardized instructions for test administration via a 17” laptop positioned
on a table for viewing by participants and face-to-face raters. The position of the laptop table was
standardized for all data collection dates by marking the correct position for each screening test
with tape of the floor. The webcam used at the originating site was clipped to the top of the
laptop. This laptop transmitted both audio and video data from the lead telerehab clinician who
was positioned remotely with telerehab rater 2 in a conference room. To maximize the audio
quality of verbal instructions and help to compensate for age-related hearing losses with some
participants, a high definition (HD) microphone was used by the lead telehealth investigator and
the laptop was equipped with HD speakers. Upon entering the fall screening testing room (Figure
4), study participants were verbally instructed that they were to direct questions to the telerehab
clinician and were to avoid directing questions to the face-to-face raters and safety assistant.
Participants were permitted to approach the laptop computer when necessary for clarity of
instructions and communication. This also helped to preserve any human effects natural to a
patient/provider relationship.
During the administration of the balance and mobility screening tests, the two face-toface raters and the second telehealth rater were not permitted to communicate with study
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participants. Both of the face-to-face raters had the option to remain seated or standing but were
consistently positioned within the room for all participant sessions. As depicted in Figure 4, the
room set-up, camera angle, and therefore, position of face-to-face raters varied for some tests.
For example, the position of the camera/laptop and raters was consistent for the POMA-G and
4MWT but was different from the FRT and TUG. Face-to-face raters were positioned in the
room at least five feet away from participants and a minimum of five feet apart to prevent
consultation with each other during the fall screening test administration. Likewise, telehealth
raters avoided consultation with each other during the collection of data. Both groups of raters
were blinded to each other’s scoring and results from participant surveys during data collection.
Furthermore, raters participating in the nine simultaneous telerehabilitation / face-to-face
screening tests and raters who were administering the Mini-BEST were blinded to each other’s
test results and did not have direct methods of communicating to each other during data
collection. Mini-BEST tests were administered off-camera and in a different room from the
telerehab test procedures.
Cues and guidance were only permitted from the remotely positioned lead clinician and
from a designated safety assistant. The safety assistant was a physical therapy student who had
completed introductory coursework including basic guarding and handling techniques in the
physical therapy curriculum. This safety assistant successfully completed PTHE 1592 Acute
Care Rehabilitation at Midwestern University as a pre-requisite for assisting with this
investigation. PTHE 1592 is a first year DPT course that includes curricular objectives for
patient guarding, handling skills, and gait and transfer training. It is notable that the Midwestern
University IRB would not approve this investigation unless a safety assistant had formal didactic
training with guarding techniques. The safety assistant was instructed to avoid providing verbal,
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visual, or tactile cues to the participants unless it was determined that a participant’s inability to
follow directions may result in a fall, jeopardize safety to themselves or others, and/or if the lead
clinician had repeated the same instructions at least three times.
All face-to-face and remote raters independently recorded scores for each screening tool.
Raters were provided pre-printed standardized forms for record keeping (Appendix E).
Participant names were printed on each form by the individual raters after the lead clinician
confirmed the name and spelling with each participant at the start of each video conferencing
session.
Instrumentation
The preliminary draft of the telerehab survey instrument can be referenced in Appendix
F, and the final version of the telerehab survey can be referenced in Appendix I. As previously
outlined, the root constructs of this survey are fundamental to Davis’ original Technology
Acceptance Model (TAM)97 that served as a foundation to many healthcare related technology
adoption studies.30,116,117,175-177 Wade et al incorporated Davis’ and Venkatesh’s work when
developing a survey to gauge feedback from frail elders using asynchronous biometric screening
devices. The survey developed by Wade et al most closely resembles the population and purpose
of this investigation as compared to other findings in the literature. However, the challenge with
referencing existing telehealth investigation questionnaires identified in the literature such as the
items developed by Wade et al was that survey item development demonstrated a lack of
methodological rigor.115 Therefore, this investigation developed and content validated a survey
tool aimed at quantifying an older adult’s behavioral intension to adopt and their attitudes
towards a telerehabilitation delivery system.
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Methods to Test Research Question 1
An older adult’s behavioral intension to adopt and their attitudes towards a
telerehabilitation delivery system was measured immediately before and after a telerehabilitation
experience for the intervention group, and it was measured at baseline and approximately one
month following baseline testing for the control group. This quantification of pre- and postsurvey outcomes was instrumental in testing hypothesis one.
The following procedures were followed in the development of this survey instrument:
1) Draft a survey tool rooted in the seven constructs (performance expectancy/perceived
usefulness, effort expectancy, social influence, facilitating conditions, perceived
security, computer anxiety, physician’s opinion) empirically validated by Venkatesh et al
and Cimperman et al. Consistent with other investigations on end-user technology
acceptance, a larger response scale of 0-7 was adopted.54,97,175 Some publications have
implemented a smaller four to five option scale178 but including additional response
options may capture greater sensitivity to change.
2) Select a panel of experts consisting of at least four to five members. A minimum of two
members had to possess extensive employment experience and training in the fields of
information technology and/or media production. At least one panelist had to be a
licensed physical therapist with board certification as a geriatric clinical specialist
(GCS). One member of the panel had to be a community-dwelling older adult age 65 or
older who possessed at least a bachelor’s degree in any field or science. Each panelist
was instructed to provide feedback based upon their independent review of each survey
iteration. The primary investigator provided PDF copies of reference articles and
operational definitions of each construct deemed critical background information to this
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survey’s fundamental constructs, a brief description of the purpose of the survey tool
including response deadlines, a confidentiality waiver, and a copy of each survey
iteration with cumulative comments from the panel in Microsoft Word format (Appendix
F).
3) Panelists were requested to review and comment on the survey tool two times to reach
consensus with feedback. The first review was a comprehensive appraisal of the survey
instrument for relevance and clarity of each item with its corresponding construct.
Panelists were encouraged to make relevant editorial or grammatical suggestions.
Following this first review, the investigator assembled all suggestions into one document
to aid panelists with their second review. In addition to making relevant editorial or
grammatical suggestions, each panelist was asked to rate each item as “essential,”
“useful but not essential,” or “not necessary” during this second review. These ratings
enabled the investigator to quantify consensus in accordance with Lawshe’s conceptual
framework179 and more precisely report outcomes to the content validation process.
4) Once finalized, the survey tool was piloted for relevance, readability, scoring, and
general feedback among a focus group of five older adults. Based upon this pilot test,
final modifications were made to the survey instrument prior to its implementation with
study participants.
Methods to Test Research Question 2
To test the hypotheses related to research question 2, the following methods were
employed by the investigator. Two face-to-face raters simultaneously and independently scored
participants on the Mini-BEST and determined the fall risk based upon risk stratification
validated by Padgett et al and Duncan et al.127,132 A lead clinician provided instructions to each
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intervention group participant, and a safety assistant actively guarded each participant as they
would during a typical physical therapy examination. The second telehealth rater and both faceto-face raters essentially served as a “passive” participant for the purpose of scoring. Although
quantitative risk stratification remains in development for the BESTests, O’Hoski et al have
recently provided normative reference values for older adults.130 Age-related normative scores
for the Mini-BEST are as follows: age 60-69 was 88% or 24.6/28, age 70-79 was 75% or 21/28,
and age 80-89 was 70% or 19.6/28. Age related norms for age 90+ are not established so
normative scoring was reduced by 5% to 65% or 18.2.130 The Mini-BEST is comprised of 14
items totaling a maximum of 28 points. The primary investigator anticipated that the average age
of study participants would be between 70-79 years old, so it was projected that the average cutoff score for fall risk would be 21/28.132
Because the STEADI toolkit was also being tested in this investigation for its feasibility
and accuracy when implemented using a telerehabilitation delivery system, the CDC fall risk
algorithm (Appendix B) was used to quantify the fall risk of participants. This algorithm has
three tiers (low, medium, and high risk), which served as the guide for establishing concurrent
validity with the face-to-face Mini-BEST. To accurately complete the algorithm’s risk
assessment and maximize potential data analysis opportunities, the raters administered questions
from the Stay Independent Brochure (Figure 1) followed by evaluation of gait (TUG Test), lower
extremity strength (30-second Chair Rise Test), and balance (4-Stage Balance Test). This entire
STEADI pathway was completed for all members of the experimental group rather than skipping
these three functional tests and automatically classifying the client as low risk if a participant
scored less than four on the Stay Independent Brochure. To appraise interrater reliability, a two-

84

rater procedure was utilized for remotely completing the functional fall screening components of
the STEADI. This is consistent with the two-rater scoring of the Mini-BEST.
The CDC has specific pathways outlined on its risk algorithm (Appendix B). If the
participant scores less than a score of four on the Stay Independent brochure and/or no gait,
strength, or balance problems are identified by the three screening tools, the participant is
classified as “low risk.” If gait, strength, or balance problems were identified and the participant
had yet to fall or had experienced a fall without injury, the participant is classified as “moderate
risk.” If the participant had identifiable gait, strength, or balance problems and has suffered
multiple falls or at least one injurious fall, the participant is classified as “high risk.”20 Finally, all
four face-to-face and remote raters scoring the TUG, 30STS, and Four-Stage Balance
components of the STEADI were blinded to results from the Mini-BEST and vice-versa.
All fall screening tests were simultaneously administered to standardize the reliability of
audiovisual communication and internet connectivity that has been noted as a limitation to
telerehabilitation by Shaw et al and Russell et al.11,68,81 To that end, a test-retest methodology
where each individual rater administers each test may have introduced confounding factors into
subsequent comparisons of reliability and validity between face-to-face and remote
environments. Approximating participants with remote clinicians maximized accessibility to
technical support and clinical personnel, should unanticipated challenges occur. For example,
there were several instances in which the investigator contacted information technology
personnel for them to observe video or audio pixilation in hopes to trouble shoot in advance of
upcoming TR sessions. Methods of isolating face-to-face raters/participants and remote raters
was consistent with methodology performed by Russell et al when they compared internet-based
rehabilitation post-total knee arthroplasty with traditional face-to-face care.30 Lastly,
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standardizing the test location helped to eliminate confounding influences that might occur from
ergonomic set up and décor, as well as variations with internet bandwidth availability that has
been known to occur within the Phoenix metropolitan area.67 Minimizing confounding, but
realistic, influences on outcomes of this investigation limited its generalizability, but were
needed to test proof-of-concept and minimize Type II error rates.
Methods to Test Research Question 3
Methods used to test research question 3 were very similar to research question 2. A
student physical therapist provided guarding of participants (safety assistant) during all fall
screening tests conducted by remote rater 1. This work study student was permitted to don/doff
gait belts, ensure proper set-up of equipment, and provide guarding of participants during test
administration. As with methods for research question 2, the presence of a non-licensed person
for guarding of study participants also symbolized the prospective presence of an able-bodied
friend, family member, or community/religious center representative that are recommended for
older adults to participate in remote fall screening tests.
In addition to the STEADI, the 4-meter Walk Test (4MWT), Tinetti POMA-gait (POMAG), and the Functional Reach Test (FRT) were included in the testing of research question 3.
Using Fritz and Lusardi’s red, yellow, and green flag cut-off speeds, a three-tier fall risk
classification was used for statistical analysis: high risk 0.6m/sec or slower, medium risk 0.6 1.0m/sec, and low risk 1.0m/sec or higher.151 Although participants are unlikely to have a zero
gait speed based upon inclusion criteria for this investigation, gait speed has a true zero and
therefore the test was analyzed on a ratio scale.37,173 The POMA-G is a seven-item
subcomponent of the Tinetti POMA tool measuring each item on a 2- to 3-point ordinal scale.
Although cut-off scores are established for the POMA as a whole (POMA-t) and the POMA

86

balance (POMA-B) with community-dwelling older adults and residents of extended care
facilities,64,156 no cut-off scores were discovered in the literature specific to the POMA-G.154
POMA-t scores ranging from 24-28 are associated with low fall risk, 19-23 are associated with a
moderate fall risk, and scores <18 are associated with a high fall risk.180 The FRT has established
cut-off points for determining fall risk and limitations with ADL independence in older adults.
According to Weiner et al and Thomas et al, the cut-off point for “risk” or “limited functional
balance” is 7 inches (18.5cm), whereas 10 inches (25.4cm) is considered normal.147,149,181 The
FRT results were measured in units of distance, but a score of zero does not mean that a
participant is absent of balance. Therefore, the FRT is considered an interval scale rather than
ratio data.37,173
The STEADI consists of the Timed Up and Go Test (TUG), 30-second Chair Rise
(30STS), and 4-Stage Balance tests. Unlike the TUG, the Chair Rise and 4-Stage Balance tests
are ordinal data because repetitions and time intervals within each individual tool are not
equivalent.37 In other words, someone who completes ten repetitions on the chair rise test is not
necessarily twice as strong as someone who completes five repetitions, and the difference
between seven and five repetitions may not be the same as the difference between four and two
repetitions.173 The 30STS, 4-stage balance, and TUG Tests administered as a group lack
psychometric properties much like the three-tiered STEADI algorithm despite its adoption by the
CDC. However, established cut-off points do exist for the TUG and 30-second chair rise tests as
individual screening tools. Most sources conclude that community-dwelling older adults are
correlated with high risk for falls when total time to complete the TUG exceeds 13 or 14
seconds.135,181,182 However, there are some sources that place the elderly at a high risk of falling
with TUG scores greater than 12 seconds.183 The TUG’s cut-off points for delineating fall risk
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although the literature181 (13 seconds) differs from the STEADI toolkit20 (12 seconds). TUG
results are measured in units of time and are considered ratio data.37,173 According to Riki et al,
cut-off scores for fall risk and “independence” on the 30STS range from 15 repetitions with ages
65-69, 13-14 repetitions with ages 70-79, and 11-12 repetitions with ages 80-89.184 The 4-Stage
Balance Test is similar to recommended exercises in the Otego Preventing Falls Program for
older adults, but cumulative risk cut-off scores do not exist for the four stages (feet together,
semi-tandem, tandem, and single leg stance).170 The STEADI toolkit, however, does state that an
inability to stand in tandem stance for 10 seconds is indicative of elevated fall risk.20 Because of
variability in the literature, reliability of fall risk (inter-environment agreement) and validity data
for the FRT and TUG were calculated using two cut-off points for fall risk. Statistical analyses
utilized the following cut-off scores when calculating inter-environment agreement of fall risk
and area under the curve data: FRT 7 and 10 inches, 4-meter walk 1.0 m/sec, TUG 12 and 13
seconds, tandem stance 10 seconds, and the 30STS and Mini-BEST based upon published age
norms. Gender also plays a role in cut-off scores for the 30STS Test.
All participants were informed of their fall risk based upon scoring and/or general
observations made by raters via written letter that can be referenced in Appendix G. Participants
who demonstrate an elevated risk of falling were strongly encouraged to follow-up with a
licensed physical therapist and his/her primary care physician. Experimental group participants
were also provided follow-up recommendations based upon the CDC’s STEADI three-tiered risk
algorithm.20 The algorithm and specific recommendations is found in Appendix B and crossreferenced with the fall risk notification letter in Appendix G.
The following graphics schematically represent this investigation’s design:
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O1= on-sight raters
O2= remote (telehealth) raters
Xi= STEADI algorithm assessment including questions
Xii= POMA-G assessment
Xiii= gait speed assessment (4-meter walk)
Xiv= Functional Reach Test
Xv= Mini-BESTest
Xvi= written survey

Figure 3. Research Design Schematic
Inclusion and Exclusion Criteria
Inclusion criteria. Participants must have 1) been at least 65 years of age, 2) been able to
follow one-step commands consistently, 3) been able to read and speak English as their primary
language, 4) had a primary residence in a house, apartment, assisted living or group home, and 4)
had the ability to walk 100’ with or without an assistive device.
Exclusion criteria. Individuals were excluded if they 1) had been diagnosed with
hemiplegia or paraplegia, 2) were unable to walk without the physical support of another person,
3) required supplemental oxygen on a continuous basis, 4) were unable to access transportation
to the testing location(s) on the designated investigation dates, 5) had been hospitalized within
the previous14 days, 6) resided in a long-term care or skilled nursing facility, and 7) were
unwilling or unable to execute an informed consent form.
Inclusion and exclusion criteria were established to ensure study participants possessed
attributes important to the purpose of this study.173 The reason for the age criterion was that older
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adults have a higher incidence of falls with increasing age after turning 65 years old.185,186 As
outlined in Chapter 1, the validity of fall screening tools can differ with population variations.
For example, the POMA lacks validity when implemented with subjects who have neurological
conditions such as multiple sclerosis or late effects from a cerebrovascular accident (i.e.
stroke).124 Therefore, persons with hemi- or paraplegia were excluded from this investigation.
Supplemental oxygen was listed as an exclusion criterion as oxygen cords pose liability and
safety risks to this investigation and its participants, and unpredictable acute symptoms
associated with pulmonary disease could potentially serve as confounding variables affecting the
results of this study. Similarly, cognitive deficits in participants who are unable to consistently
follow one-step commands could have imposed confounding variables that would impact the
results of this study. Older adults who reside in a long-term care facility or skilled nursing
facility do not meet the definition of community-dwelling older adults; therefore, this population
demographic was excluded from this study’s sampling methodologies.
This study initially proposed to employ a wired Ethernet connection via Category 5
(CAT5) or higher cable (CAT6) and not a wireless network connection such as with Wi-Fi or a
cellular network unless information technology professionals could attest to the reliability of
connection. As discovered by Shaw et al, wireless connectivity has been proven to be unreliable
in the Phoenix metropolitan area because of inconsistent access to a 4G bandwidth signal.11
However, IT professionals were able to integrate a wireless connection using a Wi-Fi signal
booster within the data collection laboratory the week data collection commenced.
Recommendations from Shaw et al and the need to closely monitor connectivity necessitated that
this study take place at Midwestern University in Glendale, Arizona. Requiring participants to
individually provide transportation to Midwestern University, as opposed to the primary
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investigator conducting this investigation in community settings such as a senior center or place
of worship, actually lengthened the period of time for achieving an adequate sample size.
Resources Used
Technology-related resources for data collection and analysis include the following:
•

Telehealth Hub Site: 1) Two, 42” NEC LCD displays, 2) Polycom HD
videoconferencing system software, 3) Polycom HD pan-tilt-zoom camera, 4)
Dell Optiplex 780 computer, 5) Revolabs HD microphone

•

Telehealth Remote Site: 1) Dell Mobile Precision M6600 17.3” Full DH, LED
laptop computer, 2) Polycom and CMA Desktop software, 3) Logitech HD PRO
C920 web-camera, 4) High speed internet with secure bridge connection using
CAT5 or higher Ethernet cord.

•

Statistics were calculated using IBM SPSS for Windows (versions 19.0 and 22.0).

In an attempt to minimize threats to internal validity, the following resources guided the
administration of and rater training in each fall risk screening tool:
•

4-meter Walk Test: https://www.youtube.com/watch?v=vrm4JP7l1Ms

•

Performance Oriented Mobility Assessment: https://www.youtube.com/watch?v=7FNn2i_-og

•

Functional Reach Test: https://www.youtube.com/watch?v=jJJELnJk1Nw

•

Timed Up and Go Test: https://www.youtube.com/watch?v=BA7Y_oLElGY (STEADI)

•

30-second Chair Rise Test: https://www.youtube.com/watch?v=Ng-UOHjTejY
(STEADI)

•

4-Stage Balance Test: https://www.youtube.com/watch?v=3HvMLLIGY6c (STEADI)

Standardized written instructions and scoring sheets are in Appendix E.
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The following equipment was used for the administration of the POMA-G, 4-meter Walk,
Functional Reach, TUG, 30-second Chair Rise, and 4-Stage Balance Tests:20,124,130,148,152,162,165,187
•

POMA
o 15 feet of unobstructed walking path
o 1 hard, armless chair, 17” in height (POMA-B)

•

4-Meter Walk Test
o Digital stopwatches for each rater
o Measuring tape to measure to acceleration, timed, and deceleration zones
o Colored tape to mark start and stop points
o 20 feet of unobstructed walking path

•

FRT
o Two wall-mounted, yard sticks (for left and right-handed dominant
participants) mounted parallel in reverse direction of each other
o Colored tape to mark standing position

•

TUG
o Digital stopwatches for each rater
o 1 hard chair with arm rests, 17” in height
o 1 cone and colored tape
o 1 tape measure with tape to mark 10 foot walking path

•

30-second Chair Rise Test
o Digital stopwatches for each rater
o A chair with straight back without arm rests 17” in height

•

4-Stage Balance Tests
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o Digital stopwatches for each rater
o Two straight back chairs for upper extremity support as needed by participants
o Laminated 8” x 11.5” white paper with enlarged black/white foot positions to
supplement the lead rater’s verbal instructions
Figure 4 provides a schematic layout of the telerehab data collection space. The research
space had wall-to-wall, low pile carpeting glued onto concrete floors. This floor covering did not
appear to impact the outcome of any fall screening tests. Note that the camera / laptop required
repositioning on 3 occasions during each TR fall screening session to accommodate the allocated
research space.
chair

FRT

30STS

3

4-stage balance

TUG

¦ 4MWT / POMA-G
¦ Wallkway

2

¦
¦
1

chair

**drawing not to scale
Camera/Laptop

chair

Test Area

Figure 4. Telerehab Research Space
Data Analysis (Reliability and Validity)
Analysis of covariance (ANCOVA) was used to test the hypothesis that there was no
difference in attitudes and beliefs of older adults in the control versus post-test intervention (TR)
groups. Pre- and post-test survey results were appraised for internal consistency using
Cronbach’s alpha.
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Reliability of a telerehabilitation delivery system was determined by calculating 1)
Interclass Correlation Coefficients (ICC) to quantify interrater and inter-environment agreement
of scores from fall risk screening tools simultaneously measured by face-to-face and remote
raters, and 2) Cohen’s Kappa to quantify inter-environment agreement of fall risk categorization
using dichotomous cut-off scores188 where applicable for the FRT, TUG, 30STS, Four-Stage
Balance, POMA-G, 4MWT, and STEADI toolkit algorithm. To account for the random effects
from subjects and to fully appraise the agreement of all four raters, a two-factor random effects
model was used to supplement ICC values.
Validity of a telerehabilitation delivery system was determined by calculating 1) receiver
operating characteristic (ROC) curves for comparing results from face-to-face and telerehab
raters with independent variables from the Fall History Questionnaire (fall history since age 65,
12-month fall history, 12-month emergent care history, fall-related fracture history, and 6-month
medication change history all collected at baseline, and a 6-month prospective fall report
collected by phone, 2) Correlation data to evaluate the degree of relationships between fall
screening tests and the independent variables, and 3) sensitivity and specificity of fall screening
tools that have established cut-off values for fall risk and participant’s self-reported overall since
age 65 and 12-month retrospective fall histories, as well as 6-month prospective fall incidence.
Both correlation and ROC analyses were implemented to determine concurrent validity by
comparing the fall risk conclusions from a remote (telerehab) clinician conducting the STEADI
with a face-to-face clinician conducting the psychometrically validated and normative referenced
Mini-BEST.124,131 All statistical measurement for this investigation used a confidence interval of
95% (=0.05).
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CHAPTER FOUR: RESULTS
Introduction
This investigation was able to provide evidence to support the reliability and validity of
telerehabilitation for fall risk screening through inferential statistical analysis. Furthermore, the
survey instrument was able to quantify positive changes in the attitudes and beliefs of older
adults towards technology-aided physical therapy among experimental group participants.
Baseline Data
To most accurately appraise research question 1 (What effect does exposure to a
telerehabilitation delivery system have on underlying attitudes and beliefs of older adults about
the perceived usefulness of this healthcare delivery option?), an experimental design and control
group were employed to minimize threats to internal validity. Descriptive statistics were
calculated for all 84 participants randomly assigned to one of two groups (experimental n=39,
control n=45). Furthermore, a one-way analysis of variance (ANOVA) was used to determine if
any statistical differences existed between the sampled experimental and control groups. To that
end, age, gender, fall history, fracture history, prior use of emergent care, recent medication
changes, assistive device use, place of residence, and baseline scores on the STEADI’s Stay
Independent Brochure Questionnaire were used as dependent variables for comparison with the
grouping (independent or factor) variable. With the exception of self-reported number of falls in
the 12-months (p = 0.012) prior to participating in this investigation, no significant differences
were calculated between members of the experimental and control groups (p = 0.083-0.772). The
control group had a greater percentage of participants (64.4% or 29/45) reporting no falls in the
previous 12-months as compared to participants of the experimental group (43.6% or 17/39).
However, this difference in fall rates leveled off somewhat with an insignificant difference in
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number of falls since age 65 between groups (p = 0.083). Table 2 demonstrates the equivalency
of demographics between the control and intervention groups.
Table 2. Baseline Descriptive Statistics and Analysis of Variance Comparing Control and
Experimental Groups
Group
Mean (SD)
Description
df
F
p
Variable
Age

(Control n=45
Experimental n=39)
Experimental

Control

Gender

Experimental

Range

74.6 (6.3)
65-93

Experimental

-

Experimental

-

Experimental

0.404

19 male
20 female

83

1.009

0.318

83

3.090

0.083

83

0.084

0.772

83

6.650

0.012*

0 falls = 10
1 fall = 7
2-3 falls = 9
4-5 falls = 5
5+ falls = 8
0 falls = 17
1 fall = 9
2-3 falls = 11
4-5 falls = 4
5+ falls = 4

-

Yes = 6
No = 33

Control

Falls in Last
12months

0.705

17 male
28 female

Control

Fall-related
Fractures

83

76.0 (8.7)
65-96

Control

Falls Since
Age 65

-

Yes = 7
No = 38
-

0 falls = 17
1 fall = 10
2-3 falls = 7
4-5 falls = 4
5+ falls = 1

Control

0 falls = 29
1 fall = 11
2-3 falls = 4
4-5 falls = 1
5+ falls = 0
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Emergent Care
related to Falls
Last 12months

Experimental

-

0 episodes = 32
1 episode = 4
2+ episodes = 3

Control

Medication
Changes Last
6months

Experimental

Assistive
Device Use

Experimental

-

Yes = 11
No = 28

Control

Experimental

Yes = 16
No = 29
Yes = 8
No = 31

-

Experimental

0.241

83

0.508

0.478

83

0.099

0.754

83

0.193

0.662

83

0.370

0.545

Yes = 8
No = 37
-

House = 29
Apartment = 8
ALF = 1
Group Home = 1

Control

Score Stay
Independent
Questionnaire

1.393

0 episodes = 39
1 episode = 6
2+ episodes = 0

Control

Primary
Residence

83

House = 31
Apartment = 12
ALF = 0
Group Home = 2
-

Elevated Risk (>4)
= 20
Low Risk = 19

Control

Elevated Risk (>4)
= 23
Low Risk = 22

Research Question 1
The following methods pertain to the data analysis process of research question 1 (What
effect does exposure to a telerehabilitation delivery system have on underlying attitudes and
beliefs of older adults about the perceived usefulness of this healthcare delivery option?). To
quantifiably test this hypothesis, a survey instrument was developed to measure the effect, if any,
that exposure to a telerehabilitation delivery system has on baseline attitudes and beliefs towards
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this technology application. As was described in Chapter 3, the telerehabilitation (TR) survey
instrument was constructed based upon a thorough review of the literature. The literature search
identified seven major constructs to guide the construction of this survey instrument. The
preliminary survey drafted by the primary investigator underwent a content validation process
through the establishment of a review panel of experts. Seven professionals with expertise in
healthcare and/or information technology (IT) and multi-media, as well as one older adult
community member were invited to serve as panelists. All eight people were invited through
email communication in February 2016 and each accepted their invitation to assist with content
validation of the survey instrument. However, upon electronic distribution of instructions and
research articles to review, one panelist withdrew his participation (D.B.). Table 3 lists each
panelist’s credentials.
Table 3. Telerehabilitation Survey Instrument Panel of Experts
Panelist

Degree/Credentials

DB

BA

KB

PT, M.Ed., DPT, GCS, CEEAA

SC

CTS

MF

MS

GH

PT, DPT, GCS, CEEAA

HM

BS

KS

PT, DPT, CCCE
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Current Position
Assistant Director Media Resources,
Midwestern University, Glendale,
Arizona
Supervisor Mayo Clinic and PT
Geriatrics Residency; Scottsdale,
Arizona
Adjunct Faculty Northern Arizona
University; Phoenix, Arizona
Audio Visual Coordinator Media
Resources Department, Midwestern
University, Glendale Arizona
Systems Developer Information
Technology Department, Midwestern
University; Glendale, Arizona
Assistant Professor University of
Miami; Miami. Florida; Chair Practice
Committee APTA Academy of
Geriatrics
Community Representative, retired;
Phoenix, Arizona
Physical Therapist and Center
Coordinator for Clinical Education

JS

Banner Thunderbird Hospital; Glendale,
Arizona
Adjunct Faculty Midwestern University,
Glendale Arizona
Associate Professor and Director of
Clinical Skills and Simulation
Midwestern University; Glendale,
Arizona

MS, PA-C, DFAAPA

The TR survey instrument underwent two comprehensive reviews by the panel. Review
by each panelist was independent of one another and written feedback was submitted directly to
the primary investigator through electronic mail. All panelists were blinded to each other’s name
and contact information to minimize threats to internal validity. Instructions for review #1 in
addition to reference materials were emailed to all eight panelists on March 7, 2016. Two journal
articles integral to the field of end-user technology acceptance and fundamental to the seven
survey constructs were provided. The reference articles were: 1) Cimperman’s “Older adults'
perceptions of home telehealth services.” Telemed J E Health. 2013 and 2) Venkatesh’s “User
acceptance of information technology: toward a unified view.” MIS Q. 2003. The introductory
letter submitted to panelists as an electronic mail attachment included a confidentiality waiver,
an overview of and introduction to the research, detailed instructions for review #1 and review
#2, as well as the preliminary draft of the TR survey instrument (Appendix F).
Panelists were given seven calendar days to email their feedback to the investigator. Six
of seven panelists completed review #1 within the designated timeframe (J.S. did not completed
review #1). Cumulative feedback was then integrated into a second draft of the TR survey
instrument. This iteration was emailed to the panel of experts on March 29, 2016. Cumulative
rater comments from review #1 and review #2 is located in Appendix H. As with review #1,
panel members were given seven calendar days to complete and submit their reviews. All seven
panelists submitted feedback within the seven-day timeframe and, therefore, were included in
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calculation of content validity ratios for each survey item. Review #2 was highlighted by
individual panelists rating each survey item as 1) “essential,” 2) “useful but not essential” or 3)
“not necessary” to the performance of its corresponding construct. This classification system was
consistent with a publication by Lawshe entitled, “a quantitative approach to content validity.”179
To quantify the extent to which members of a content evaluation panel perceive overlap between
a “test” and a “performance domain,” Lawshe developed a formula for calculating a content
validity ratio (CVR). Lawshe’s formula is represented in Figure 5.
CVR = ne –N/2
N/2
*ne represents the number of panelists labeling an item “essential”
*N represents the total number of panelists

Figure 5. Content Validity Formula (Lawshe, 1975)
When fewer than half of a review panel indicate that an item was essential, the CVR is a
negative value. If half of the panelists indicate that an item was essential and the other half does
not, the CVR is zero. When more than half of the panelists but fewer than all indicate that an
item is essential, the CVR is between zero and 0.99. Like a correlation coefficient, the closer the
CVR was to 1.0, the greater the chance that an item was accepted rather than rejected.179 Lawshe
calculated minimum values of CVR based upon the total number of review panelists. For
example, the target minimum CVR value for a panel of 8 should be 0.75 at a 95% confidence
interval level although Lawshe indicates that an item CVR with less than the minimal value does
not mean it must be rejected. Further, use of the CVR process does not preclude use of other
determinants for retaining items in the final form of a survey. Figure 6 outlines the calculated
CVR for each item that remained in review #2. This figure includes item 6c (Greater access to a
physical therapist was a good reason to start using a computer) which was unanimously
approved by panelists for addition to the final Telerehabilitation (TR) survey.
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Figure 6. Telerehabilitation Survey Instrument Content Validation Ratios
The average CVR of related items is also referred to the content validity index (CVI).
According to Lawshe, the CVI represents the average percentage of over-lap between the test
items and the “performance domain” or construct under analysis. The mean CVR or the CVI for
all seven constructs was 0.42. The CVI for each of the seven composite sections was as follows:
1) Performance expectancy / perceived usefulness: 0.38; 2) Effort expectancy: 0.71; 3) Social
influence: -0.07; 4) Facilitating conditions: 0.64; 5) Perceived security: 0.52; 6) Computer
anxiety: 0.43; 7) Physician’s opinion: 0.21. Similar to the CVR, the CVI can also be used when
considering the acceptance or rejection of individual items or domains.179 Had Lawshe’s
recommended minimum target CVR value of 0.75 (for a panel of 8) be held to its strictest
statistical interpretation, three of the seven construct categories and 28 out of the 33 survey items
would have been eliminated. For the exploratory purpose on the usefulness of this tool on this
population, no survey items were deleted from inclusion in the final draft due to low CVR or
CVI values; rather, these items were retained for further analysis of and comparison with internal
consistency among pre- and post-test survey scores.
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To examine the reliability of the 33-item TR survey instrument, composite scores for
each of the seven construct categories were calculated. Internal consistency, or survey
homogeneity, reflects the extent to which items measure the same characteristic or construct.
This value was measured using Cronbach’s Alpha (). A construct that yields similar scores
across all items has a high degree of internal consistency and, therefore, yields a higher alpha
level (0 to 1.00).37 Pre-test scores for all participants (n=84; 39 intervention group, 45 control
group) were analyzed for each item among all seven constructs or sub-categories of the TR
survey. The survey instrument was found to have excellent internal consistency among pre-test
scores with construct 1 (performance expectancy/perceived usefulness;  = 0.955), construct 2
(effort expectancy;  = 0.965), and construct 6 (computer anxiety;  = 0.906), good internal
consistency with construct 3 (social influence;  = 0.890) and construct 5 (perceived security; 
= 0.884), and acceptable internal consistency with construct 4 (facilitating conditions;  = 0.742)
and construct 7 (physician’s opinion;  = 0.794). Post-test scores for all participants were
analyzed for each item among all seven constructs. Five participants in the control group were
unable to be reached to complete their post-test survey and, therefore, reduced the sample size
for the post-test analysis from 84 to 79 (39 intervention group, 40 control group). The survey
instrument was found to have excellent internal consistency among post-test scores with
construct 1 (performance expectancy/perceived usefulness;  = 0.959), construct 2 (effort
expectancy;  = 0.969), construct 3 (social influence;  = 0.916), and construct 5 (perceived
security;  = 0.927), good internal consistency with construct 6 (computer anxiety;  = 0.816),
and acceptable internal consistency with construct 7 (physician’s opinion;  = 0.783); however,
construct 4 (facilitating conditions;  = 0.645) demonstrated less than acceptable internal
consistency. Overall, the mean Crohnbach’s alpha levels calculated across all constructs reveals
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good internal consistency with pre-test ( = 0.877) and post-test ( = 0.859) surveys. Table 4
lists and compares pre- and post-test alpha levels for each construct.
Table 4. Internal Consistency of the Telerehabilitation Survey Instrument
Survey Construct
Pre-test Cronbach’s 
Post-test Cronbach’s 
1. performance expectancy
/perceived usefulness

0.955

0.959

2. effort expectancy

0.965

0.969

3. social influence

0.890

0.916

4. facilitating conditions

0.742

0.645

5. perceived security

0.884

0.927

6. computer anxiety

0.906

0.816

7. physician’s opinion

0.794

0.783

0.877

0.859

Mean for all constructs

The probability of drawing incorrect conclusions increases as the number of repeated
tests increases.37 To control for this and eliminate the need for numerous Bonferroni corrections
that would be needed to account for a 33-item survey, a total composite score was calculated for
each construct. A univariate analysis of variance (ANOVA) was performed comparing the total
composite scores between groups for all seven constructs and revealed the following statistical
findings. For construct 1, the intervention group scored significantly higher (M = 41.97, SD =
7.314) relative to the control group (M = 31.78, SD = 12.559; F(1, 76) = 23.431, p < .001, 2 =
0.236). For construct 2, the intervention group scored significantly higher (M = 28.28, SD =
7.056) relative to the control group (M = 20.50, SD = 9.304; F(1, 76) = 21.294, p < .001, 2 =
0.219). For construct 3, there was no significant main effect in intervention (M = 15.64, SD =
8.695) relative to control (M = 15.58, SD = 6.644; F(1, 76) = 1.497, p = .225, 2 = 0.019). For
construct 4, the intervention group scored significantly higher (M = 21.77, SD = 4.960) relative
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to the control group (M = 19.37, SD = 4.510; F(1, 76) = 8.182, p = .005, 2 = 0.097). For
construct 5, the intervention group scored significantly higher (M = 34.79, SD = 6.453) relative
to the control group (M = 26.10, SD = 9.432; F(1, 76) = 21.637, p < .001, 2 = 0.222). For
construct 6, there was a nonsignificant upwards trend with the intervention group (M = 16.49,
SD = 4.303) relative to the control group (M = 14.10, SD = 5.042; F(1, 76) = 2.924, p = 0.091,
2 = 0.037). For construct 7, there was a nonsignificant upwards trend with the intervention
group (M = 21.67, SD = 3.779) relative to the control group (M = 18.13, SD = 6.661; F(1, 76) =
2.924, p = 0.057, 2 = 0.047). Table 5 lists the results from the ANCOVA statistical calculations
including effect sizes using the Partial Eta squared analysis.
Table 5. Telerehabilitation Survey Instrument Analysis of Covariance (ANCOVA), Mean
Composite Scores (SD), Level of Significance, and Effect Sizes Comparing Pre- and Posttest Scores Among Groups
Construct

1
2
3
4
5
6
7

Group

Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control

Pre Mean
(SD)
35.03 (9.75)
32.03 (12.27)
20.18 (4.18)
17.22 (6.10)
16.74 (6.61)
14.20 (7.80)
19.38 (6.18)
19.83 (5.60)
30.05 (6.68)
27.28 (9.07)
15.26 (4.06)
13.68 (5.55)
20.18 (4.18)
17.58 (5.87)

Post Mean (SD)

41.97 (7.31)
31.78 (12.56)
28.28 (7.06)
20.50 (9.30)
15.64 (8.70)
15.58 (6.64)
21.77 (4.96)
19.37 (4.51)
34.79 (6.45)
26.10 (9.43)
16.49 (4.30)
14.10 (5.04)
21.67 (3.78)
18.13 (6.66)

F

p

23.431

<0.001*

Partial
Eta2
0.236

21.294

<0.001*

0.219

1.497

0.225

0.019

8.182

0.005*

0.097

21.637

<0.001*

0.222

2.924

0.091

0.037

2.924

0.057

0.047

* = p <0.05

The maximum point values for each composite score varied for each construct based
upon the number of items approved by the panel of experts. Construct 1 (performance
expectancy/perceived usefulness) had the most items (7) with a maximum of 49 points.
Construct 6 (computer anxiety) had the least number of items (3) with a maximum of 21 points.
(Appendix I)
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The control group (n= 45) was essentially the “survey-only” group completing the Fall
History Questionnaire, Stay Independent Brochure Questionnaire, and the TR Survey Instrument
at baseline as well as a follow-up post-test TR survey approximately 1 month following their
pre-testing. The control group did not play a role with calculating the reliability and validity of a
telerehabilitation delivery system. The experimental or intervention group (n = 39) completed the
Fall History Questionnaire, Stay Independent Questionnaire, and the Telerehabilitation Survey
Instrument at baseline and the TR survey again immediately following their individual fall
screening tests and measures (Figure 2). The fall screening tests consisted of the Functional
Reach Test (FRT), Time-Up and Go Test (TUG), 4-Meter Walk Test (4MWT), 4-Stage Balance
Tests (narrow stance, narrow stride stance, tandem stance, and single-limb stance), and the 30second Chair Rise Test (30STS) simultaneously scored by two face-to-face and two telerehab
raters in real-time, and the Mini-BEST was scored simultaneously by two face-to-face raters.
The appointed lead telerehab clinician (rater 1) provided the verbal instructions for all of the fall
screening tests with the exception of the face-to-face reference standard, the Mini-BEST. The
Mini-BEST was not evaluated with the synchronous audio-visual connection due to safety
concerns with remote implementation. Consistent with methodologies and rationale described in
Chapter 3, the same telerehab rater provided instructions for all members of the experimental
group to eliminate potential threats to internal validity that changes in voice, personality, or
gender may induce. The order of the fall screening tests were varied to prevent post-test bias or
consistency of effects when completing the TR Survey.
To examine the reliability, validity, and potential impact that exposure to a
telerehabilitation delivery system has on older adults, 39 members of the experimental group
participated in a series of standardized fall screening tests. Following the standardized rater
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training on the fall risk screening tools described in Chapter 3, baseline interrater agreement was
calculated to establish reliability among raters using five pilot subjects. Because recruitment of
licensed physical therapists with at least two years of experience treating geriatric clientele
proved difficult to secure and coordinate with available physical plant resources at Midwestern
University, 3rd year physical therapy students with a GPA of at least 3.0 on a 4.0 scale served as
primary face-to-face and remote raters. Rater consistency was maintained for the majority of
environments, roles, and data collection dates. Rater 1 from the face-to-face and telerehab
environments as well as both Mini-BEST raters were the same for all participants. However,
rater 2 varied for two of the seven data collection dates for reasons outside of the investigator’s
control. This slight variability necessitated the implementation of a two-factor random effects
model to supplement reliability data.
Baseline reliability was established following standardized rater training using five pilot
subjects. Each rater was assessed for face-to-face test scoring reliability with an expert physical
therapy clinician with over 19 years of experience. Outcomes from this pilot testing are as
follows: For the Mini-BEST, Cronbach’s alpha was 0.982 with p<0.001 among the 3 raters
trained for this test. For the 4-Meter Walk Test, Cronbach’s alpha was 0.971 – 0.995 with p
<0.001 – 0.002 among the 5 raters trained for this test. For the Tinetti Gait instrument,
Cronbach’s alpha was 0.857 – 1.000 with p <0.001 – 0.49 among the 5 raters trained for this test.
For the Functional Reach Test, Cronbach’s alpha was 0.916 – 0.992 with p <0.001 – 0.017
among the 5 raters trained for this test. For the STEADI balance, strength, and mobility tests
(TUG, four-stage balance, 30STS), Cronbach’s alpha ranged from 0.975 - 1.000 with p <0.001 –
0.002 among the 5 raters trained for these tests.
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Research Question 2
The following information pertains to the data analysis process of research question 2
(Are fall risk screening conclusions that are derived remotely equivalent to other reference
standard face-to-face screening tools?). This research question and subsequent analyses tested
the hypothesis that there lacks equivalence between fall risk conclusions from remote raters
implementing the STEADI and face-to-face raters implementing the Mini-BEST.
Prior to analyzing the relationship and level of agreement between the Mini-BEST and
telerehab STEADI, agreement between face-to-face and remote raters scoring the STEADI
algorithm was established. Intraclass correlation coefficient (ICC) analysis indicated a 99.1%
agreement between face-to-face rater 1 (M = 1.97 on a 3-point risk scale, SD = 0.843) and
telehealth rater 1 (M= 2.00 on a 3-point risk scale, SD = 0.827; Cronbach’s alpha (38) = 0.991, p
< 0.001), and a strong inter-item correlation of risk assignment among rater environments (r =
0.981, p < 0.001) when analyzing the STEADI algorithm in its published three-tiered risk scale.
Because sensitivity, specificity, and receiver operating characteristic (ROC) curves require a
dichotomous variable for their analysis, the three-tiered STEADI algorithm was also calculated
as a two-tiered categorization by combining moderate and high classifications into an elevated
risk category. The kappa statistic indicated an almost perfect significant (k = 0.943, p <0.001)
agreement between the face-to-face rater (M = 1.67, SD = 0.530) and the lead telehealth rater
(M= 1.67, SD = 0.478), and a strong inter-item correlation of risk assignment among rater
environments (r = 0.940, p < 0.001) when analyzing the STEADI algorithm as a two-tiered risk
scale.
Examining the concurrent validity between conclusions from the face-to-face reference
standard, the Mini-BEST, and conclusions from the telerehab STEADI revealed moderate,
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significant relationship between the two screening tests using the Spearman’s rho correlation
coefficient (r = 0.447, p = 0.004). Because the Mini-BEST is a dichotomous scale and the CDC’s
STEADI algorithm has three levels of fall risk, moderate and high fall risk levels on the STEADI
were again combined into one risk level to create a nominal variable similar to the Mini-BEST.
After consolidating the three risk levels into a dichotomous scale, the relationship between the
Mini-BEST and STEADI weakened (r = 0.258, p = 0.113). However, the relationship between
the Mini-BEST and a STEADI demonstrated equivalence with a weaker insignificant
relationship with both TR (r = 0.258, p = 0.113) and face-to-face (r = 0.283, p = 0.081)
environments when the STEADI was reduced from its published three-tiered risk model. Using a
Spearman rho correlation coefficient to examine the relationship between the STEADI
algorithm’s published three-tiered fall risk model and the simplified two-tiered model revealed a
strong, significant relationship for the telerehab (r = 0.866, p <0.001) and face-to-face (r = 0.882,
p = <0.001) raters.
The next step in examining the validity of the telerehab STEADI and its concurrent
validity with the face-to-face Mini-BEST was to calculate the sensitivity, specificity, and
likelihood ratios. Table 6 summarizes the validity of both the STEADI and Mini-BEST in terms
of their ability to accurately assess the presence or absence of a target condition or dichotomous
risk outcomes from other screening tools. The telerehab STEADI demonstrated excellent
sensitivity at 89%, but low specificity (40%), positive likelihood (1.48) and negative likelihood
ratios (0.28). The high sensitivity value (89%) confirms the STEADI’s ability to obtain a positive
screening outcome when a positive fall risk was also concluded by the reference standard, MiniBEST (i.e. target condition was present). Conversely, fall risk conclusions from the face-to-face
Mini-BEST were able to differentiate participant fall risk conclusions from the telerehab
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STEADI. Fall risk outcomes used to test the validity of the Mini-BEST compared with outcomes
from the STEADI indicated low sensitivity (31%) and a negative likelihood ratio (0.75);
however, high specificity (92%) and a moderate positive likelihood ratio (4.0) were calculated.
The high specificity value confirms the Mini-BEST’s ability to obtain a negative test when a
negative (low) fall risk was also concluded by the STEADI (i.e. the condition was absent).
Similar to calculating the Receiver Operating Characteristic (ROC) Curves that are described in
subsequent sections of Chapter 4, six independent variables from the Fall History Questionnaire
(fall history since age 65, 12-month fall history, 12-month emergent care, fracture history, 6month medication change history, and 6-month prospective falls), prospective follow-up
interviews, and risk conclusions from the Stay Independent Brochure were used to further
examine the validity of the STEADI algorithm and for comparison with the reference standard,
Mini-BEST. Table 7 reveals good sensitivity of the STEADI (75%) and excellent specificity of
the Mini-BEST (89.5%) with similar positive or negative risk results concluded on the Stay
Independent Brochure. Similarly, the telerehab STEADI has by far better sensitivity with
“diagnosing” positive 6-month prospective fall incidences (80%), retrospective fall history since
age 65 (76%), 12-month fall history (73%), 12-month emergent care history (86%), fracture
history (75%), and 6-month medication change history (73%), whereas the Mini-BEST has much
better specificity measures for 6-month prospective fall incidence (85%), fall history since age
65 (90%), 12-month fall history (88%), 12-month emergent care history (78%), fracture history
(74%), and 6-month medication change history (71%). Overall, positive and negative likelihood
ratios indicated limited usefulness and mostly small effects in each test’s ability to rule-in or
rule-out factors typically associated with screening tool test results. This is likely influenced by a
less than ideal sample size and an elevated history of falls with sampled participants.
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Table 6. Comparative Analysis of Sensitivity, Specificity, and Likelihood ratios for the
Telerehab STEADI and Mini-BEST
Independent Variable
STEADI (telerehab)
Mini-BEST
STEADI
Sensitivity
Specificity
(+) LR
(-) LR

n/a

30.8%
92.3%
4.0
0.75

Sensitivity
Specificity
(+) LR
(-) LR

88.9%
40.0%
1.48
0.28

n/a

Sensitivity
Specificity
(+) LR
(-) LR

75.0%
42.1%
1.30
0.59

35.0%
89.5%
3.33
0.73

Sensitivity
Specificity
(+) LR
(-) LR

75.9%
60.0%
1.90
0.40

27.6%
90.0%
3.45
0.73

Sensitivity
Specificity
(+) LR
(-) LR

72.7%
41.2%
1.24
0.66

31.8%
88.2%
2.70
0.77

80.0%
38.5%
1.3
0.52

50.0%
84.6%
3.25
0.59

85.7%
37.5%

28.5%
78.0%

Mini-BEST

Stay Independent Brochure

Fall History

12-month Fall History

6-month prospective falls
Sensitivity
Specificity
(+) LR
(-) LR
12-month Emergent Care
Sensitivity
Specificity
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(+) LR
(-) LR

1.37
0.38

1.31
0.91

75.0%
35.5%
1.16
0.70

12.5%
74.2%
0.48
1.18

72.7%
35.7%
1.13
0.76

9.1%
71.4%
0.32
1.27

Fracture History
Sensitivity
Specificity
(+) LR
(-) LR
6-month Medication Changes
Sensitivity
Specificity
(+) LR
(-) LR
n = 39

As a supplement to examining the validity of a telerehabilitation delivery system, the fall
screening tools with established cut-off points (FRT, 4MWT, TUG, tandem stance, 30STS) were
examined for their validity when implemented by a remote rater. As outlined in Chapter 3, there
are two cut-off points published for the FRT (7” and 10”). When examining results of the FRT
from telerehab and face-to-face raters, the 7” cut-off point had perfect 100% specificity with
identifying participants without a fall history since age 65. This was equivalent for both test
environments. However, sensitivity values were much lower when using the FRT results to
classifying a positive fall history since age 65 (14 – 31% for 7 and 10” cut scores) and 12-month
fall history (9 – 32% for 7” and 10” cut scores), and predict 6-month prospective fall incidence
(0 – 20% for 7” and 10” cut scores). Despite this, very good specificity scores were also
calculated for the FRT’s ability to test higher than the 7” and 10” cut-off scores when, in fact, the
participant lacked a prior 12-month fall history (71-88%) and 6-month prospective falls (6989%) for both telerehab and face-to-face environments. As with sensitivity, specificity
calculations were most accurate using the FRT’s 7” cut-off point.
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Validity calculations of the 4MWT revealed similar results to the FRT in that specificity
was good to excellent among telerehab conclusions for fall history since age 65 (88%), 12-month
fall history (82%), and 6-month prospective fall incidence (81%). The face-to-face environment
calculated a somewhat higher specificity level indicating excellent (90%) negative fall rate
“diagnostic” ability for both retrospective fall history variables, but average (77%) level
specificity for predicting negative 6-month prospective fall incidence. Sensitivity levels for the
4MWT classifying retrospective fallers and predicting prospective falls were unacceptable for
both rater environments.
Like the 4MWT and FRT, the TUG was also calculated to have poor sensitivity
conclusions with this investigation. However, specificity levels for classifying a negative fall
history since age 65 was excellent for both telerehab (90%) and face-to-face (90-100%)
environments using both the 12-second and 13-second cut-off points. Specificity was average to
good for classifying negative 12-month retrospective fallers and predicting 6-month prospective
fall rates for both environments. As previously outlined, the STEADI algorithm references a 12second cut-off point for the TUG but the literature generally agrees on a 13-second cut-off point
for fall risk among community-dwelling older adults. That said, specificity remained acceptable
to good (73-85%) for both environments and both cut points when using the TUG to identify
those with negative 12-month fall history and 6-month follow-up fall rates. Based upon this data,
no recommendations can be made to discern a 12-second versus a 13-second cut-off score.
The cut-off point for fall risk published in the STEADI algorithm for tandem stance was
less than 10 seconds and the tandem stance was the only component of the 4-Stage Balance Test
to have a referenced fall risk value within the STEADI toolkit. That said, the tandem stance was
calculated to have acceptable to good specificity (70%) in identifying participants who have not
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fallen since age 65 for both left and right test positions among both telerehab and face-to-face
environments. Specificity is not useful, however, when examining the tandem stance test’s
validity with 12-month fall history (53-59%) or with 6-month prospective fall incidence (6265%).
Lastly, the 30STS Test demonstrates acceptable specificity at 70% with its ability to
identify non-fallers since age 65 with telerehab and face-to-face environments. While the
probability of correctly identifying those with 12-month retrospective falls (50-51%) and 6month prospective falls (50-60%) increases as compared to the overall fall history since turning
age 65, the sensitivity remains relatively low for both environments and for all three independent
variable categories. Table 7 lists complete sensitivity, specificity, and likelihood ratios for each
of these four fall risk screening tools. Overall, calculated likelihood ratios for each fall screening
tool are limited in their effect and usefulness.
Table 7. Comparative Analysis of Sensitivity, Specificity, and Likelihood Ratios for
Dependent Variable Tool Ability to Classify and Predict Self-Reported Fall History
Dependent
Telerehabilitation
Independent
Face-to-Face
Variable
Variables
Functional Reach
Test

7” cut

10” cut

7” cut

10” cut

Sensitivity
Specificity
(+) LR
(-) LR

13.8%
100%
n/a
0.86

24.1%
70.0%
0.80
1.08

Fall History since
age 65

17.2%
100%
n/a
0.86

31.0%
70.0%
1.03
0.98

Sensitivity
Specificity
(+) LR
(-) LR

9.1%
88.2%
0.77
1.03

22.7%
70.6%
0.77
1.09

12-month Fall
History

13.6%
88.2%
1.16
0.98

31.8%
70.6%
1.08
0.97

Sensitivity

0.0%

10.0%

0.0%

20.0%
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Specificity
(+) LR
(-) LR

88.5%
0.0
1.13

73.1%
0.37
1.23

6-month
prospective falls

88.5%
0.0
1.13

69.2%
0.65
1.16

4-meter Walk Test
Sensitivity
Specificity
(+) LR
(-) LR

36.4%
88.2%
3.09
0.72

Fall History since
age 65

31.0%
90.0%
3.10
0.77

Sensitivity
Specificity
(+) LR
(-) LR

36.4%
82.4%
2.06
0.77

12-month Fall
History

31.0%
90.0%
3.10
0.77

Sensitivity
Specificity
(+) LR
(-) LR

40.0%
80.8%
2.08
0.74

6-month
prospective falls

40.0%
76.9%
1.73
0.78

Timed-Up and Go
Test

12sec cut

13sec cut

12sec cut 13sec cut

Sensitivity
Specificity
(+) LR
(-) LR

41.3%
90.0%
4.14
0.65

23.7%
90.0%
2.37
0.85

Fall History since
age 65

34.5%
90.0%
3.45
0.73

31.0%
100%
n/a
0.69

Sensitivity
Specificity
(+) LR
(-) LR

40.9%
76.5%
1.74
0.77

27.3%
76.5%
1.16
0.95

12-month Fall
History

31.8%
76.5%
1.35
0.89

27.3%
82.4%
1.55
0.88

Sensitivity
Specificity
(+) LR
(-) LR

50%
73.1%
1.86
0.68

40%
80.8%
2.08
0.74

6-month
prospective falls

50.0%
76.9%
2.17
0.65

40.0%
84.6%
2.60
0.71
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Tandem Stance Test

L

R

L

R

Sensitivity
Specificity
(+) LR
(-) LR

37.9%
70.0%
1.26
0.89

37.9%
70.0%
1.26
0.89

Fall History since
age 65

41.4%
70.0%
1.38
0.84

37.9%
70.0%
1.26
0.89

Sensitivity
Specificity
(+) LR
(-) LR

31.8%
58.8%
0.77
1.16

31.8%
58.8%
0.77
1.16

12-month Fall
History

36.4%
58.8%
0.88
1.08

27.3%
52.9%
0.58
1.37

Sensitivity
Specificity
(+) LR
(-) LR

20.0%
61.5%
0.52
1.3

40.0%
65.4%
1.16
0.92

6-month
prospective falls

30.0%
61.5%
0.78
1.14

30.0%
65.4%
0.87
1.07

30-second Chair
Rise
Sensitivity
Specificity
(+) LR
(-) LR

55.2%
70.0%
1.84
0.64

Fall History since
age 65

48.3%
70.0%
1.61
0.74

Sensitivity
Specificity
(+) LR
(-) LR

59.1%
64.7%
1.67
0.63

12-month Fall
History

50.0%
64.7%
1.42
0.77

Sensitivity
Specificity
(+) LR
(-) LR

60.0%
53.8%
1.3
0.74

6-month
prospective falls

50.0%
57.7%
1.18
0.87

n = 39
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Supplemental Data for the STEADI Algorithm
As was discussed in Chapter 3, the STEADI algorithm and fall-risk assessment has little
published data to date. Although sensitivity and specificity levels are poor for the STEADI’s
ability to classify the presence of prior falls, a two-tiered risk algorithm demonstrates good
sensitivity with identifying 6-month prospective fallers (80%). Integral to research question 2,
these findings are equivalent for both rater environments. Like the STEADI algorithm, the
CDC’s Stay Independent Brochure Questionnaire has little published data other than it supports
the inclusion of multi-factorial risks, and it is also in need of data examining its relationship with
other variables. A score of four or more is considered a positive screen and worthy of further fall
risk investigation according to CDC recommendations (Appendix B). The intervention group (n
= 39) had an average score of 4.38 (SD = 3.31) with a range of 0 to 13, and the control group (n
= 45) had an average score of 3.96 (SD = 3.16) with a range of 0 to 10 on the Stay Independent
Brochure. Twenty or 51.3% of the intervention group and 23 or 51.1% of the control group
scored four or more points on this questionnaire. A one-way ANOVA confirmed no significant
difference between groups (p = 0.545) for results from the Stay Independent Brochure (Table 2).
As previously discussed, the relationship between fallers, those with multiple prior falls, a
history of fall-related fractures, and even assistive device use was not published by the CDC.
Although not integral to testing the null hypotheses in this investigation, Table 9 demonstrates a
disproportionate amount of older adult (50%) participants classified as “low risk” based upon
results from the TUG, four-stage balance, and 30STS tests but self-reporting multiple falls.
Furthermore, a disproportionately low percentage of participants reported fall-related fractures
relative to those classified as having an elevated fall risk following TUG, four-stage balance, and
30STS testing. Lastly, increasing risk level was not proportionate with advancing age, and two of
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13 respondents classified as having “low” fall risk by the STEADI algorithm fell within 6
months following participation in this investigation.
Table 8. Classification of STEADI Algorithm for Intervention Group (face-to-face)
Low Risk
Moderate Risk
High Risk
(n = 14)
( n = 12)
(n = 13)
Mean Age
73.3 years
78.3 years
73.6 years
Prior Falls

n = 8 (57%)

n = 8 (67%)

n = 13 (100%)

Multiple Falls

n = 7 (50%)

n = 4 (33%)

n = 11 (85%)

Prior Fall Fractures

n = 2 (14%)

n = 2 (17%)

n = 3 (23%)

Prospective Falls (6mo)

n = 2 (15%)

n = 2 (20%)

n = 6 (46%)

n = 1 (7%)

n = 1 (8%)

n = 6 (46%)

(n = 36)

Assistive Device Use
n = 39

Although supplemental to research question 2, clinically relevant ROC analyses were
calculated using results from the Stay Independent Brochure and the following dichotomous test
variables from the Fall History Questionnaire: fall history since age 65, 12-month fall history,
fracture history, 12-month emergent care, 6-month medication change, and 6-month prospective
fall incidence. ROC analysis resulted in an area under the curve (AUC) of 0.710 (95% CI =
0.528 – 0.892, p = 0.05) for fall history since age 65 and AUC of 0.746 (95% CI = 0.585 – 0.907,
p = 0.009) for 12-month fall history, indicating good balance of sensitivity and specificity for
both independent variables. However, unfavorable AUC for fracture history 0.591 (95% CI =
0.346 – 0.836, p = 0.484), for 12-month emergent care AUC of 0.623 (95% CI = 0.398 – 0.848,
p = 0.314), 6-month medication changes AUC of 0.523 (95% CI = 0.319 – 0.726, p = 0.827), and
6-month prospective falls AUC of 0.677 (95% CI = 0.491 – 0.863, p = 0.104) were calculated. A
Stay Independent Brochure score of four or greater should absolutely be predictive of fall risk
and prospective fall incidence. In essence, the outcomes from these ROC analyses are consistent
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with the CDC’s screening algorithm in meeting their minimum standard with validity
calculations as it can classify retrospective fall history. However, as per AUC calculations, the
Stay Independent Brochure score was unable to classify other important variables such as
fracture history or predict future falls, bringing into question the predictive validity of the
algorithm.
The relationship between the Stay Independent Brochure score and the final STEADI fall
risk categorization also needs to be determined. Although the Stay Independent Brochure is a
part of the overall STEADI fall screening decision making algorithm, the quantitative
relationship between this questionnaire and the three-tiered STEADI risk algorithm is unknown
and currently unreported in the literature. Spearman’s rho correlation coefficient calculation
revealed a low to moderate but significant relationship between these two variables (r = 0.432, p
= 0.006). However, the relationship between the two tools is greatly reduced when analyzing the
STEADI algorithm as a dichotomous (nominal) variable (r = 0.265, p = 0.102). This reduced
correlation trend was also observed when comparing the concurrent validity of the remote
STEADI and face-to-face Mini-BEST. Kappa and Spearman correlation calculations comparing
the Stay Independent Brochure risk categorization and a two-tiered STEADI risk categorization
revealed a low (K = 0.172, r = 0.181, p = 0.257) level of agreement with the telerehab rater and a
low (K = 0.225, r = 0.233, p = 0.146) level of agreement with the face-to-face rater. This
conflicting data highlights a need for additional investigation into the STEADI toolkit.
In addition to evaluating the concurrent validity of the TR STEADI and the face-to-face
Mini-BEST, one of the goals of this investigation was to establish equivalency or consistency of
the STEADI among face-to-face and telerehab (remote) raters. This overlaps with research
questions 2 and 3 as without consistency and reliability across rater settings, there cannot be
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validity. As outlined in Chapter 2, fall screening tests included in the STEADI are safer and
easier to implement remotely as compared to the Mini-BEST. To further investigate the validity
of the STEADI algorithm, ROC analyses were calculated using fall risk conclusions from the
STEADI algorithm (TR) and fall history since age 65, 12-month fall history, fracture history, 12month emergent care, 6-month medication change, and 6-month prospective fall incidence
variables. Analysis using the STEADI algorithm as the dependent variable resulted in an AUC of
0.755 (95% CI = 0.600 – 0.910, p = 0.017) for fall history since age 65 indicating a good balance
of sensitivity and specificity. However, an AUC of 0.682 (95% CI = 0.514 – 0.850, p = 0.054)
was calculated for 12-month fall history, an AUC of 0.455 (95% CI = 0.220 – 0.689, p = 0.726)
for fracture history, an AUC of 0.643 (95% CI = 0.426 – 0.860, p = 0.242) was calculated for 12month emergent care, an AUC of 0.484 (95% CI = 0.292 – 0.675, p = 0.876) was calculated for
6-month medication changes, and an AUC of 0.669 (95% CI = 0.465 – 0.873, p = 0.120) for
prospective falls all indicated poor levels of sensitivity and specificity. AUC for both the
STEADI algorithm risk score and the STEADI Stay Independent Brochure both demonstrated
significant and good sensitivity and specificity with classifying fall history since turning age 65.
When the three-tiered STEADI fall risk algorithm was analyzed as a dichotomous two-tiered
variable, all AUC analyses became less significant and less sensitive and specific for classifying
all five of the independent variables from the Fall History Questionnaire.
Despite the Mini-BEST’s superior psychometric properties outlined in Chapter 2, the
literature is inconclusive regarding its predictive validity among community-dwelling older
adults. ROC analyses combining fall risk cut-off data from face-to-face implementation of the
Mini-BEST and the five previously mentioned independent variables used in the AUC analysis
for the STEADI were also calculated. An AUC of 0.615 (95% CI = 0.429 – 0.801, p = 0.095) for
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fall history since age 65, an AUC of 0.614 (95% CI = 0.420 – 0.808, p = 0.275) was calculated
for 12month fall history, an AUC of 0.375 (95% CI = 0.195 – 0.555, p = 0.230) for fracture
history, an AUC of 0.565 (95% CI = 0.356 – 0.774, p = 0.533) was calculated for 12-month
emergent care, an AUC of 0.430 (95% CI = 0.234 – 0.626, p = 0.502) for 6-month medication
changes, and an AUC of 0.612 (95% CI = 0.427 – 0.797, p = 0.306) for ?? all revealed poor
sensitivity and specificity. These results bring into question the classification and predictive
ability of the Mini-BEST with the six selected independent variables tested in the sampled
population of community-dwelling older adults.
Despite the insignificant AUC values when examining Mini-BEST fall risk outcomes
with independent test variables from the Fall History Questionnaire and follow-up prospective
fall rates, examination of ROC curves using the Mini-BEST as the dependent variable and the
STEADI algorithm as the test variable revealed more significant results. ROC analysis resulted
in an AUC of 0.810 (95% CI = 0.639 – 0.981, p = 0.003) indicating good sensitivity and
specificity. When tested with a two-tiered STEADI risk variable, sensitivity and specificity are
reduced and insignificant with an AUC of 0.654 (95% CI = 0.480 – 0.828, p = 0.121). When
examining the Mini-BEST with risk determined by the Stay Independent Brochure, ROC
analysis resulted in an AUC of 0.672 (95% CI = 0.501 – 0.844, p = 0.066), indicating an average
predictability with near significance of this validity assessment. This data confirms a relationship
between risk outcomes determined by the Mini-BEST and STEADI risk algorithm consistent
with sensitivity and specificity data trends outlined in Table 6.
Research Question 3
The following information pertains to the results associated with research question 3 (Are
outcomes of fall screening measures that are performed remotely consistent with those
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performed face-to-face?). This research question and subsequent analyses tested the hypothesis
that there was no difference in scoring or fall risk conclusions between remote (telerehab) and
face-to-face raters simultaneously scoring participants with the Timed Up and Go (TUG) Test,
30-second Chair Rise (30STS), 4-Stage Balance, Performance-Oriented Mobility Assessment
Gait (POMA-G) Tool, 4-meter Walk Test (4MWT), and Functional Reach Test (FRT), or the fall
risk categorization on the STEADI algorithm.
Reliability calculations using ICC analysis for the FRT indicated a 97.8% agreement
between face-to-face raters (p < 0.001) and a 98.4% agreement between telehealth raters (p <
0.001). Integral to this research question, however, was the level of agreement between the test
environments, telehealth and traditional face-to-face. ICC analysis indicated a 96% agreement
between face-to-face (M = 11.32 inches, SD = 3.46) and telehealth (M= 11.31 inches, SD = 2.99;
Cronbach’s alpha (38) = 0.962, p < 0.001) raters. ICC values demonstrate excellent interrater and
inter-environment reliability.
The 7 inches functional reach (FR) cut-off point is described as “limited functional
balance” and the 10 inches FR is considered normal reach for older adults.148,181 Analysis of
agreement of two different cut-off points for fall risk were utilized and assessed for reliability
among rater environments. Cut-off score classifications are nominal variables that required the
use of the kappa statistic as opposed to ICC values. Reliability analysis comparing face-to-face
and telehealth rater risk categorization of FRT results revealed a moderate (K = 0.874) level of
agreement using a 10” reach cut-off value, but a weak (K = 0.544) level of agreement using 7
inches reach cut-off value (p < 0.001). To account for the random effects from subjects and to
fully appraise the agreement of all four raters, a two-factor random effects model was used to
calculate ICC values. A high degree of reliability was found between all four measures, with an
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average ICC of 0.987 and a 95% confidence interval ranging from 0.979 to 0.993 (F(38, 114) =
75, p < 0.001). Table 9 outlines reliability data and inter-item matrix correlation data for the
FRT.
Table 9. Functional Reach Test Interclass Correlation Coefficient (ICC) and Kappa
Correlation Coefficient Comparing Raters, Environments, and Fall Risk Levels
Location/Rater
Best (SD) (inches)
Correlation
P
r
Coefficient
Highest F2F R1
11.32 (3.46)
ICC = 0.978
<0.001
0.957
Highest F2F R2
11.23 (3.37)
Highest TH R1
11.31 (2.99)
ICC = 0.984
<0.001
0.968
Highest TH R2
11.19 (2.89)
Highest F2F
11.32 (3.46)
ICC = 0.962
<0.001
0.937
Highest TH
11.31 (2.99)
Fall Risk F2F 10”
K = 0.874
<0.001
Fall Risk TH 10”
Fall Risk F2F 7”
K = 0.544
<0.001
Fall Risk TH 7”
Random Effects
ICC = 0.987
<0.001
Model
n = 39

Reliability calculations using ICC analysis for the 4MWT indicated a 99.3% agreement
between face-to-face raters (p < 0.001) and a 95.8% agreement between telehealth raters (p <
0.001). Integral to this research question, however, was the level of agreement between the test
environments, telehealth and traditional face-to-face. ICC analysis indicated a 95.4% agreement
between face-to-face raters (M = 1.20 m/sec, SD = 0.32) and telehealth raters (M= 1.14 sec, SD
= 0.25; Cronbach’s alpha (38) = 0.954, p < 0.001). ICC values demonstrate excellent interrater
and inter-environment reliability.
The 1.0 m/sec cut-off point is considered normal walking speed and reduced fall risk
among older adults using a three-tiered risk classification system published by Fritz and Lusardi:
low fall risk or “green flag” >1.0 m/sec, moderate fall risk or “yellow flag” 0.61 – 0.99 m/sec,
high fall risk or “red flag” < 0.60 m/sec (p < 0.001).151 Yellow and red flag categories (<1.0
m/sec) were combined as elevated risk for statistical analysis of dichotomous fall risk
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categorizations. Reliability analysis comparing face-to-face and telehealth rater risk
categorization of the 4-meter walk test results revealed a strong (K = 0.866) level of agreement
(p < 0.001). To account for the random effects from subjects and to fully appraise the agreement
of all four raters, a two-factor random effects model was used to calculate ICC values. A high
degree of reliability was found between all four measures, with an average ICC of 0.987 and a
95% confidence interval ranging from 0.969 to 0.991 (F(38, 114) = 75, p < 0.001) for the
4MWT. Table 11 outlines reliability data and inter-item matrix correlation data for the 4MWT.
Table 10. 4-meter Walk Test Interclass Correlation Coefficient (ICC) and Kappa
Correlational Coefficient (K) Comparing Raters, Environments, and Fall Risk Levels
Location/Rater
Mean Best (SD)
Correlation
P
r
Coefficient
Best F2F R1
1.20m/sec (0.32)
ICC = 0.993
<0.001
0.986
Best F2F R2
1.22m/sec (0.31)
Best TH R1
1.14m/sec (0.25)
ICC = 0.958
<0.001
0.927
Best TH R2
1.16m/sec (0.29)
Best F2F
1.20m/sec (0.32)
ICC = 0.954
<0.001
0.936
Best TH
1.14m/sec (0.25)
Fall Risk F2F
K= 0.866
<0.001
Fall Risk TH
Random Effects
ICC = 0.987
<0.001
Model
n = 39

Reliability calculations using ICC analysis for the TUG indicated a 99.9% agreement
between face-to-face raters (p < 0.001) and a 99.9% agreement between telehealth raters (p <
0.001). As with all fall screening tests selected for inclusion in this telerehab investigation, the
level of agreement between the test environments are integral to study outcomes. ICC analysis
indicated a 99.7% (p < 0.001) agreement between face-to-face raters (M = 11.25 sec, SD = 4.47)
and telehealth raters (M= 11.58 sec, SD = 4.60; Cronbach’s alpha (38) = 0.997, p < 0.001). ICC
values demonstrate excellent interrater and inter-environment reliability.
The STEADI references a different cut-off point (12 sec) than the literature (13 sec).20,181
Therefore, reliability of scoring for two cut-off points for the TUG’s fall risk were utilized and
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assessed for reliability between test environments. Kappa analysis comparing face-to-face and
telehealth rater risk categorization of TUG results revealed a strong (K = 0.941) level of
agreement using a 12-second cut-off value and a strong level of agreement (K = 0.930) using a
13-second cut-off value for fall risk (p < 0.001). Kappa values demonstrate an almost perfect
observed proportion of agreement using both the 12-second and 13-second cut-off scores
confirming excellent inter-environment rater reliability with fall risk categorization using the
TUG. To account for the random effects from subjects and to fully appraise the agreement of all
four raters, a two-factor random effects model was used to calculate ICC values. A high degree
of reliability was found between all four measures, with an average ICC of 0.999 and a 95%
confidence interval ranging from 0.996 to 0.999 (F(38, 114) = 1055, p < 0.001) for the TUG.
Table 11outlines ICC, kappa, and inter-item matrix correlation data for the TUG.
Table 11. Timed-Up and Go Interclass Correlation Coefficient (ICC) and Kappa
Correlational Coefficient (K) Comparing Raters, Environments, and Fall Risk Levels
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
Best F2F R1
11.25 (4.47)
ICC = 0.999
<0.001
0.998
Best F2F R2
11.14 (4.54)
Best TH R1
11.58 (4.60)
ICC = 0.999
<0.001
0.998
Best TH R2
11.63 (4.54)
Best F2F
11.25 (4.47)
ICC = 0.997
<0.001
0.995
Best TH
11.58 (4.60)
Fall Risk F2F 12sec
K = 0.941
<0.001
Fall Risk TH 12sec
Fall Risk F2F 13sec
K = 0.930
<0.001
Fall Risk TH 13sec
Random Effects
ICC = 0.999
<0.001
Model
n = 39

Reliability ICC analysis for the POMA-G indicated a 91.8% agreement between face-toface raters (p < 0.001) and a 92.4% agreement between telehealth raters (p < 0.001). ICC
analysis calculated a less than ideal 79.2% agreement between face-to-face raters (M = 10.56,
SD = 1.53) and telehealth raters (M= 10.85, SD = 1.20; Cronbach’s alpha (38) = 0.792, p <
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0.001). ICC values demonstrate excellent interrater reliability and acceptable to good interenvironment reliability for the POMA-G. Cut-off points for the gait section of the POMA are not
available; therefore, kappa values for proportion of agreement of fall risk categorization between
face-to-face and telehealth environments are unable to be calculated. To account for the random
effects from subjects and to fully appraise the agreement of all four raters, a two-factor random
effects model was used to calculate ICC values. A high degree of reliability was found between
all four measures, with an average ICC of 0.913 and a 95% confidence interval ranging from
0.839 to 0.945 (F(38, 114) = 11.5, p = 0.001) for the POMA-G. Table 12 outlines ICC data and
inter-item matrix correlation data for the POMA-G.
Table 12. Tinetti Gait (POMA-G) Interclass Correlation Coefficient (ICC) Analyses
Comparing Raters and Environments
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
Highest F2F R1
10.56 (1.54)
ICC = 0.918
<0.001
0.849
Highest F2F R2
10.36 (1.60)
Highest TH R1
10.85 (1.20)
ICC = 0.924
<0.001
0.862
Highest TH R2
10.94 (1.11)
Highest Score F2F
10.56 (1.53)
ICC = 0.792
<0.001
0.675
Highest Score TH
10.85 (1.20)
Random Effects Model
ICC = 0.913
<0.001
n = 39

Reliability ICC analysis for the 30STS indicated a 99.7% consistency of agreement
between face-to-face raters (p < 0.001) and a 99.7% consistency of agreement between telehealth
raters (p < 0.001). Concerning inter-environment reliability, ICC analysis indicated a 99.7% (p <
0.001) agreement between face-to-face raters (M = 10.18, SD = 4.48) and telehealth raters (M=
10.08, SD = 4.44); Cronbach’s alpha (38) = 0.997, p < 0.001). ICC values demonstrate excellent
interrater and inter-environment reliability.
Cut-off points for the 30STS vary by age and gender and were calculated according to the
STEADI’s fall risk chart.20 Kappa statistical analysis comparing face-to-face and telehealth rater
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risk categorization of the 30STS revealed a strong (K= 0.897) level of agreement (p < 0.001). To
account for the random effects from subjects and to fully appraise the agreement of all four
raters, a two-factor random effects model was used to calculate ICC values. A high degree of
reliability was found between all four measures, with an average ICC of 0.998 and a 95%
confidence interval ranging from 0.997 to 0.999 (F(38, 114) = 645.8, p < 0.001) for the 30STS.
Table 13 outlines ICC, kappa, and inter-item matrix correlation data for the 30STS Test.
Table 13. 30-second Sit-to-Stand Interclass Correlation Coefficient (ICC) and Kappa
Correlational Coefficient (K) Analyses Comparing Raters, Environments, and Fall Risk
Levels
Location/Rater
Mean Best (SD)
Correlation
P
r
(repetitions)
Coefficient
Highest F2F R1
10.18 (4.48)
ICC = 0.997
<0.001
0.994
Highest F2F R2
10.28 (4.55)
Highest TH R1
10.08 (4.44)
ICC = 0.997
<0.001
0.995
Highest TH R2
10.31 (4.66)
Reps F2F
10.18 (4.48)
ICC = 0.997
<0.001
0.995
Reps TH
10.08 (4.44)
Fall Risk F2F
K = 0.897
<0.001
Fall Risk TH
Random Effects
ICC = 0.998
<0.001
Model
n = 39

Reliability calculations using ICC analysis for the single limb stance (SLS) indicated a
99.4% agreement on the right lower extremity (RLE) and a 97.8% agreement on the left lower
extremity (LLE) between face-to-face raters (p < 0.001), and a 99.3% agreement on the RLE and
a 96.7% agreement on the LLE between telehealth raters (p < 0.001). ICC analysis indicated a
99.2% agreement between face-to-face raters (M = 5.47 sec, SD = 3.89) and telehealth raters
(M= 5.41 sec, SD = 3.94; Cronbach’s alpha (38) = 0.992, p < 0.001) for the RLE, and a 95.6%
agreement between face-to-face raters (M = 5.55 sec, SD = 3.99) and telehealth raters (M= 5.12
sec, SD = 3.94; Cronbach’s alpha (38) = 0.956, p < 0.001) for the LLE. ICC values demonstrate
excellent interrater and inter-environment reliability.
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Cut-off points for the SLS component of the STEADI’s 4-Stage Balance Test are not
available; therefore, kappa values for agreement of fall risk categorization between face-to-face
and telehealth environments are unable to be calculated. To account for the random effects from
subjects and to fully appraise the agreement of all four raters, a two-factor random effects model
was used to calculate ICC values. A high degree of reliability was found between all four
measures, with an average ICC of 0.980 and a 95% confidence interval ranging from 0.968 to
0.989 (F(38, 114) = 50, p < 0.001) for the SLS. Table 14 outlines ICC data and inter-item matrix
correlation data for the SLS.
Table 14. Single Limb Stance Interclass Correlation Coefficient (ICC) Analyses Comparing
Raters and Environments
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
Best F2F R1 - RLE
5.47 (3.89)
ICC = 0.994
<0.001
0.989
Best F2F R2
5.38 (3.95)
Best F2F R1 - LLE
Best F2F R2
Best TH R1 - RLE
Best TH R2

5.55
5.35
5.41
5.53

(3.99)
(3.93)
(3.94)
(3.94)

ICC = 0.978

<0.001

0.958

ICC = 0.993

<0.001

0.987

Best TH R1 – LLE
Best TH R2
Best F2F - RLE
Best TH
Best F2F - LLE
Best TH
Random Effects Model

5.12
5.32
5.47
5.41
5.55
5.12

(3.94)
(4.05)
(3.89)
(3.94)
(3.99)
(3.94)
-

ICC = 0.967

<0.001

0.937

ICC = 0.992

<0.001

0.985

ICC = 0.956

<0.001

0.916

ICC = 0.980

<0.001

-

n = 39

Reliability calculations using ICC analysis for the tandem stance test revealed a 99.7%
agreement on the RLE and a 99.8% agreement on the LLE between face-to-face raters (p <
0.001), and a 99.6% agreement on the RLE and a 100% agreement on the LLE between
telehealth raters (p < 0.001). Integral to this research question, however, was the level of
agreement between the test environments, telehealth and traditional face-to-face. ICC analysis
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indicated a 99.5% agreement between face-to-face raters (M = 7.83 sec, SD = 3.37) and
telehealth raters (M= 7.79 sec, SD = 3.36; Cronbach’s alpha (38) = 0.995, p < 0.001) for the
RLE, and a 99% agreement between face-to-face raters (M = 7.79 sec, SD = 3.40) and telehealth
raters (M= 7.87 sec, SD = 3.46; Cronbach’s alpha (38) = 0.990, p < 0.001) for the LLE. ICC
values demonstrate excellent interrater and inter-environment reliability.
Using the STEADI’s cut-off score of 10 seconds for elevated fall risk, kappa analysis
comparing face-to-face and telehealth rater risk categorization of tandem stance revealed a strong
(K = 0.889) level of agreement (p < 0.001) in fall risk categorization for the RLE, and an almost
perfect (K = 0.945) level agreement (p < 0.001) in fall risk categorization for the LLE. To
account for the random effects from subjects and to fully appraise the agreement of all four
raters, a two-factor random effects model was used to calculate ICC values. A high degree of
reliability was found between all four measures on both lower extremities. The average ICC was
0.997 with a 95% confidence interval ranging from 0.996 to 0.998 (F(38, 114) = 377, p < 0.001)
for the LLE, and an average ICC of 0.998 and a 95% confidence interval ranging from 0.998 to
0.999 (F(38, 114) = 655, p < 0.001) for the RLE. Table 15 outlines ICC, kappa, and inter-item
matrix correlation data for tandem stance.
Table 15. Tandem Stance Interclass Correlation Coefficient (ICC) and Kappa Correlation
Coefficient (K) Analyses Comparing Raters, Environments, and Fall Risk Levels
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
F2F R1 - RLE
7.83 (3.37)
ICC = 0.997
<0.001
0.995
F2F R2
7.82 (3.44)
F2F R1 - LLE
F2F R2
TH R1 - RLE
TH R2

7.79 (3.40)
7.76 (3.48)
7.79 (3.36)
7.80 (3.45)

ICC = 0.998

<0.001

0.996

ICC = 0.996

<0.001

0.992

TH R1 - LLE
TH R2

7.87 (3.46)
7.86 (3.48)

ICC = 1.000

<0.001

0.999
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F2F - RLE
TH
F2F - LLE
TH
Fall Risk F2F - RLE
Fall Risk TH
Fall Risk F2F - LLE
Fall Risk TH
Random Effects Model

7.83 (3.37)
7.79 (3.36)
7.79 (3.40)
7.87 (3.46)
-

ICC = 0.995

<0.001

0.989

ICC = 0.990

<0.001

0.981

K = 0.889

<0.001

-

K = 0.945

<0.001

-

ICC = 0.997

<0.001

-

n = 39

Reliability calculations using ICC analysis for the narrow stride stance indicated a 100%
agreement on the RLE and a 99.2% agreement on the LLE between face-to-face raters (p <
0.001), and a 99.9% agreement on the RLE and a 100% agreement on the LLE between
telehealth raters (p < 0.001). ICC analysis indicated a 99.9% agreement between face-to-face
raters (M = 9.53 sec, SD = 1.69) and telehealth raters (M= 9.53 sec, SD = 1.75; Cronbach’s alpha
(38) = 0.999, p < 0.001) for the RLE, and an 85.9% agreement between face-to-face raters (M =
9.77 sec, SD = 1.02) and telehealth raters (M= 9.61 sec, SD = 1.80; Cronbach’s alpha (38) =
0.859,) p < 0.001) for the LLE. ICC values demonstrate excellent interrater and interenvironment reliability. Cut-off points for the narrow stride stance component of the STEADI’s
four-stage balance test are not available; therefore, kappa values for agreement of fall risk
categorization between face-to-face and telehealth rater environments are unable to be
calculated. To account for the random effects from subjects and to fully appraise the agreement
of all four raters, a two-factor random effects model was used to calculate ICC values. A high
degree of reliability was found between all four measures on both lower extremities. The average
ICC was 0.948 with a 95% confidence interval ranging from 0.915 to 0.970 (F(38, 114) = 19, p <
0.001) for the LLE, and an average ICC of 1.000 and a 95% confidence interval ranging from
1.000 to 1.000 (F(38, 114) = 3462, p < 0.001) for the RLE narrow stride. Table 16 outlines ICC
data and inter-item matrix correlation data for the narrow stride stance.
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Table 16. Narrow Stride Stance Interclass Correlation Coefficient (ICC) Analyses
Comparing Raters and Environments
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
F2F R1 - RLE
9.54 (1.69)
ICC = 1.000
<0.001
1.000
F2F R2
9.55 (1.65)
F2F R1 - LLE
F2F R2
TH R1 - RLE
TH R2

9.77 (1.02)
9.75 (0.99)
9.52 (1.74)
9.54 (1.68)

ICC = 0.992

<0.001

0.985

ICC = 0.999

<0.001

0.999

TH R1 - LLE
TH R2
F2F - RLE
TH
F2F - LLE
TH
Random Effects
Model

9.61 (1.80)
9.61 (1.80)
9.53 (1.69)
9.53 (1.75)
9.77 (1.02)
9.61 (1.80)
-

ICC = 1.000

<0.001

1.000

ICC = 0.999

<0.001

0.999

ICC = 0.859^

<0.001

0.878

ICC = 0.948

<0.001

-

n = 39

^subject 18 had large contrast in mean times between F2F /TH (6 vs. 0 sec)

Reliability calculations using ICC analysis for the narrow stance test indicated a 100%
agreement between face-to-face raters (p < 0.001) and a 100% agreement between telehealth
raters (p < 0.001). Comparing test environments, ICC analysis indicated a 100% agreement
between face-to-face raters (M = 9.68 sec, SD = 1.39) and telehealth raters (M= 9.68 sec, SD =
1.40; Cronbach’s alpha (38) = 1.000, p < 0.001). ICC values demonstrate excellent interrater and
inter-environment reliability. The CDC does not include cut-off points for the narrow stance
component of the STEADI’s 4-Stage Balance Test; therefore, kappa values for agreement of fall
risk categorization between face-to-face and telehealth environments are unable to be calculated.
To account for the random effects from subjects and to fully appraise the agreement of all four
raters, a two-factor random effects model was used to calculate ICC values. A high degree of
reliability was found between all four measures, with an average ICC of 1.000 and a 95%
confidence interval ranging from 1.000 to 1.000 (F(38, 114) = 26544, p < 0.001) for the SLS
Table 17 outlines ICC data and inter-item matrix correlation data for the narrow stance.
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Table 17. Narrow Stance Interclass Correlation Coefficient (ICC) Analyses Comparing
Raters and Environments
Location/Rater
Mean Best (SD)
Correlation
P
r
(seconds)
Coefficient
Highest F2F R1
9.68 (1.39)
ICC = 1.000
<0.001
1.000
Highest F2F R2
9.67 (1.41)
Highest TH R1
9.68 (1.40)
ICC = 1.000
<0.001
1.000
Highest TH R2
9.67 (1.43)
Highest F2F
9.68 (1.39)
ICC = 1.000
<0.001
1.000
Highest TH
9.68 (1.40)
Random Effects
ICC = 1.000
<0.001
Model
n = 39

**USED FIRST TRIAL FOR STATISTICAL PURPOSES AS 2ND TRIALS WERE ALL 10SEC

Receiver Operating Characteristic (ROC) Curve Analyses
To further analyze the reliability and comparative validity of telerehabilitation, ROC
analyses were integrated to compare outcomes from telerehabilitation and face-to-face rater
environments. This section compares ROC data for each of the nine fall screening tools
simultaneously scored by face-to-face and telerehab raters with fall history since age 65, 12month fall history, 12-month emergent care history, fall-related fracture history, six-month
medication change history, 6-month prospective fall history, and outcomes from the Mini-BEST,
Stay Independent Brochure Questionnaire, and STEADI algorithm. The area under a ROC curve
quantifies the overall ability of the 9 standardized tests to discriminate between participants with
a positive result and those with a negative result to the independent variables.
The Functional Reach Test (FRT) scores were calculated by selecting best distance
scored of the two trials by rater 1 from each environment. The FRT demonstrated the largest
variation when comparing the area under the curve (AUC) volume and significance among rater
environments as compared to the other eight fall screening tests. The FRT demonstrated poor
diagnostic ability to classify participants with an overall fall history, their 12-month fall history,
fracture history, 6-month medication change history, and 6-month prospective falls, as well as
predict STEADI risk calculation using the three-tiered scoring. Despite this lack of significance
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using ROC analysis, all five of these independent variables were equally insignificant with low
AUC values among both test environments. These environment equivalencies coincide with ICC
values in Table 10. However, inequivalence with the FRT predicting outcomes from the Stay
Independent Brochure and classifying 12-month emergent care variables was calculated among
rater environments. The FRT demonstrated fair but significant sensitivity and specificity for
predicting the Stay Independent Brochure with an AUC of 0.717 (95% CI = 0.556 – 0.878, p =
0.020) for face-to-face, but a lower insignificant AUC 0.655 (95% CI = 0.483 – 0.828, p =
0.097) for telerehab. ROC analysis of the FRT classifying the 12-month emergent care reflects a
near significant AUC of 0.710 (95% CI = 0.508 – 0.911, p = 0.085) for telerehab, and an
insignificant AUC 0.647 (95% CI = 0.399 – 0.895, p = 0.227) for face-to-face. The FRT
demonstrated fair but significant sensitivity and specificity for predicting fall-risk outcomes from
a two-tiered STEADI, and near significance (TR) with predicting outcomes on the Mini-BEST.
ROC analysis of the FRT predicting the two-tiered STEADI calculated an AUC of 0.759 (95%
CI = 0.595 – 0.923, p = 0.009) for telerehab, and an AUC 0.765 (95% CI = 0.603 – 0.927, p =
0.008) for face-to-face. ROC analysis of the FRT predicting the Mini-BEST calculated an AUC
of 0.701 (95% CI = 0.498 – 0.904, p = 0.053) for telerehab, and an AUC 0.721 (95% CI = 0.522
– 0.919, p = 0.034) for face-to-face. Table 18 outlines ROC analysis data comparing equivalence
of validity measures for each environment scoring the FRT.
Table 18. Functional Reach Test: Comparative Analysis of Telerehabilitation and Face-toFace Screening using Receiver Operating Characteristic Curves
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC
p Value
12-month Fall History

0.586
0.421

Positive (yes) = 22
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0.581
0.450

AUC
p Value
12-month Emergent Care

0.504
0.966

0.477
0.810

AUC
p Value

0.710
0.085

0.647
0.227

AUC
p Value
6-month Medication Changes

0.361
0.284

0.379
0.350

AUC
p Value

0.630
0.212

0.570
0.502

AUC
p Value
Stay Independent Brochure

0.701
0.053

0.721
0.034*

0.655
0.097

0.717
0.020*

0.631
0.206

0.664
0.115

0.759
0.009*

0.765
0.008*

Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value
Notes.

0.467
0.764

0.485
0.888

n = 39

* = p <0.05

Chapter 5 will discuss some of the limitations and feasibility of conducting the FRT remotely
that may have contributed to the variations in ROC results between environments.
Four-meter Walk Test (4MWT) scores were calculated by selecting the fastest time of the
two trials recorded by rater 1 from each environment. Overall, the 4MWT demonstrated
equivalence when comparing the AUC volumes and significance levels for each environment.
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ROC calculations resulted in low and insignificant AUC for the 4MWT classifying the presence
of prior falls, 12-month fall history, 12-month emergent care, fracture history, and 6-month
medication changes, as well as predicting 6-month prospective falls. Despite poor sensitivity and
specificity with classifying the presence of these variables from the Fall History Questionnaire,
all six of these independent variables were equally insignificant with similar AUC values among
both test environments. However, ROC analysis of the 4MWT calculated significant fair to good
AUC for predicting fall risk conclusions of the Mini-BEST, Stay Independent Brochure, and the
STEADI indicating a meaningful balance of sensitivity and specificity rates. ROC analysis of the
4MWT predicting the Mini-Best calculated an AUC of 0.773 (95% CI = 0.579 – 0.966, p =
0.009) for telerehab, and an AUC of 0.774 (95% CI = 0.579 – 0.970, p = 0.008) for face-to-face.
ROC analysis of the 4MWT predicting the Stay Independent Brochure calculated an AUC of
0.778 (95% CI = 0.627 – 0.928, p = 0.003) for telerehab, and an AUC 0.778 (95% CI = 0.631 –
0.924, p = 0.003) for face-to-face. ROC analysis of the 4MWT predicting the STEADI (threetiered risk) calculated an AUC of 0.771 (95% CI = 0.554 – 0.988, p = 0.009) for telerehab, and
an AUC 0.766 (95% CI = 0.552 – 0.981, p = 0.010) for face-to-face. ROC analysis was also
calculated for a converted dichotomous scale STEADI for statistical purposes. ROC analysis of
the 4MWT predicting the two-tiered STEADI calculated an AUC of 0.790 (95% CI = 0.648 –
0.932, p = 0.004) for telerehab, and an AUC 0.822 (95% CI = 0.691 – 0.954, p = 0.001) for faceto-face. Table 19 outlines ROC analysis data comparing equivalence of validity measures for
each environment scoring the 4MWT.
Table 19. 4-Meter Walk Test: Comparative Analysis of Telerehabilitation and Face-to-Face
Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC

0.628
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0.640

p Value

0.234

0.193

0.586
0.365

0.584
0.372

AUC
p Value

0.683
0.133

0.629
0.289

AUC
p Value

0.442
0.654

0.465
0.785

AUC
p Value

0.588
0.399

0.584
0.417

AUC
p Value
Stay Independent Brochure

0.773
0.009*

0.774
0.008*

0.778
0.003*

0.778
0.003*

0.771
0.009*

0.766
0.010*

0.790
0.004*

0.882
0.001*

0.531
0.778

0.473
0.805

12-month Fall History
Positive (yes) = 22

AUC
p Value
12-month Emergent Care
Positive (yes) = 7

Fracture History
Positive (yes) = 6

6-month Medication Changes
Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value
n = 39

* = p <0.05

Timed-up and Go Test (TUG) scores were calculated by selecting the fastest time of the
two trials recorded by rater 1 from each environment. Overall, the TUG demonstrated
equivalence when comparing the AUC volumes and significance levels for each test
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environment. Similar to the 4MWT, the TUG demonstrated significant fair to good AUC
volumes when analyzing the TUG’s ability to categorize other standardized screening tools
serving as independent variables, However, the TUG demonstrated poor ability to classify
outcomes of prior falls, 12-month emergent care, fracture history, and 6-month medication
changes, as well as predicting 6-month prospective fall incidence. Unlike the 4MWT, the TUG
approached significance with classifying fall history (p = 0.085 – 0.088) although AUC volumes
were low. Despite poor sensitivity and specificity with classifying these variables from the Fall
History Questionnaire and predicting 6-month prospective fall rates, all six of these independent
variables were equally insignificant with equivalent AUC values among both telerehab and faceto-face test environments. ROC analysis of the TUG calculated significant AUC volumes for
predicting fall risk conclusions of the Mini-BEST, Stay Independent Brochure, and the STEADI
indicating fair to good sensitivity and sensitivity levels. ROC analysis of the TUG predicting the
Mini-BEST calculated an AUC of 0.795 (95% CI = 0.604 – 0.987, p = 0.005) for telerehab, and
an AUC 0.784 (95% CI = 0.592 – 0.976, p = 0.006) for face-to-face. ROC analysis of the TUG
predicting the Stay Independent Brochure calculated an AUC of 0.750 (95% CI = 0.601 – 0.915,
p = 0.006) for telerehab, and an AUC 0.754 (95% CI = 0.595 – 0.913, p = 0.007) for face-toface. ROC analysis of the TUG predicting the STEADI (three-tiered risk) calculated an AUC of
0.825 (95% CI = 0.653 – 0.996, p = 0.002) for telerehab, and an AUC 0.834 (95% CI = 0.670 –
0.998, p = 0.001) for face-to-face. ROC analysis of the 4MWT for predicting outcomes of a twotiered STEADI scale demonstrated the best balance of sensitivity and specificity with an AUC of
0.858 (95% CI = 0.744 – 0.972, p < 0.001) for telerehab, and an equivalent AUC 0.864 (95% CI
= 0.752 – 0.976, p < 0.001) for face-to-face. Table 20 outlines ROC analysis data comparing
equivalence of validity measures for each environment scoring the TUG.
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Table 20. Timed-Up and Go Test: Comparative Analysis of Telerehabilitation and Face-toFace Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC
p Value
12-month Fall History

0.683
0.088

0.684
0.085

0.572
0.444

0.572
0.444

AUC
p Value

0.661
0.188

0.690
0.120

AUC
p Value
6-month Medication Changes

0.500
1.000

0.508
0.953

AUC
p Value

0.523
0.827

0.536
0.731

AUC
p Value
Stay Independent Brochure

0.795
0.005*

0.784
0.006*

0.758
0.006*

0.754
0.007*

0.825
0.002*

0.834
0.001*

0.858
<0.001*

0.864
<0.001*

0.527
0.805

0.546
0.672

Positive (yes) = 22

AUC
p Value
12-month Emergent Care
Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value
n = 39

* = p <0.05
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The 30-second Chair Rise (30STS) scores were calculated by referencing the number of
repetitions scored by rater 1 from each environment. Like many of the other dependent variables,
the 30STS demonstrated significant equivalence when comparing the AUC volume with other
standardized screening tools serving as independent variables but not with classifying prior falls,
12-month emergent care, fracture history, or 6-month medication changes. The 30STS was also
not able to predict 6-month prospective falls. Despite poor sensitivity and specificity with
predicting these variables, all these independent variables were equally insignificant with
equivalent AUC values among both telerehab and face-to-face test environments. Consistency
among rater environments is the main focus of research question 3.
ROC analysis of the 30STS calculated significant AUC for predicting fall risk
conclusions of the Mini-BEST, Stay Independent Brochure, and the STEADI indicating fair to
excellent sensitivity and specificity. ROC analysis of the 30STS predicting the Mini-BEST
calculated an AUC of 0.768 (95% CI = 0.587 – 0.949, p = 0.010) for telerehab, and an AUC
0.755 (95% CI = 0.571 – 0.939, p = 0.014) for face-to-face. ROC analysis of the 30STS
predicting the Stay Independent Brochure calculated an AUC of 0.734 (95% CI = 0.577 – 0.892,
p = 0.012) for telerehab, and an AUC 0.713 (95% CI = 0.551 – 0.875, p = 0.023) for face-toface. ROC analysis of the 30STS predicting the STEADI (three-tiered risk) calculated an AUC
of 0.791 (95% CI = 0.638 – 0.943, p = 0.005) for telerehab, and an AUC 0.773 (95% CI = 0.611
– 0.934, p = 0.009) for face-to-face. Like the 4MWT, ROC analysis of the 30STS for predicting
outcomes of a two-tiered STEADI scale demonstrated the best balance of sensitivity and
specificity with an AUC of 0.910 (95% CI = 0.822 – 0.998, p < 0.001) for telerehab, and an
AUC 0.888 (95% CI = 0.788 – 0.987, p < 0.001) for face-to-face. Table 21 outlines ROC
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analysis data comparing equivalence of validity measures for each environment scoring the
30STS.
Table 21. 30-second Sit-to-Stand Test: Comparative Analysis of Telerehabilitation and
Face-to-Face Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC
p Value
12-month Fall History

0.636
0.204

0.631
0.222

0.575
0.428

0.564
0.497

AUC
p Value

0.647
0.227

0.629
0.289

AUC
p Value
6-month Medication Changes

0.412
0.496

0.396
0.425

AUC
p Value

0.573
0.483

0.599
0.341

AUC
p Value
Stay Independent Brochure

0.768
0.010*

0.755
0.014*

0.734
0.012*

0.713
0.023*

0.791
0.005*

0.773
0.009*

0.910
<0.001*

0.888
<0.001*

Positive (yes) = 22

AUC
p Value
12-month Emergent Care
Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
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AUC
p Value

0.490
0.930

n = 39

0.527
0.805
* = p <0.05

The Tinetti Gait (POMA-G) scores were calculated by referencing the score of rater 1
from each environment. Like the FRT, equivalency among environments was not consistently
observed with the data. The POMA-G demonstrated variation between environments when
comparing the AUC volume and significance with classifying prior fall history since age 65 and
predicting the two-tiered STEADI. Significance and more favorable sensitivity and specificity
was calculated in the face-to-face environment indicating possible inaccuracies with gait
observations with the remote rater. However, like many of the other eight screening tests, the
POMA-G demonstrated insignificance and poor to fair sensitivity and specificity classifying 12month fall history, 12-month emergent care, fracture history, and 6-month medication change,
and was unable to accurately predict 6-month prospective falls. ROC analysis of the POMA-G
calculated significant AUC for predicting fall risk conclusions of the Mini-BEST, Stay
Independent Brochure, and the three-tiered STEADI with AUC levels consistent with fair to
good sensitivity and specificity. Face-to-face rater AUC volume was higher telerehab rater AUC
volume for all three independent variables that showed significance and favorable AUC
volumes. ROC analysis of the POMA-G predicting the Mini-BEST calculated an AUC of 0.748
(95% CI = 0.593 – 0.903, p = 0.017) for telerehab, and an AUC 0.812 (95% CI = 0.624 – 1.000,
p = 0.003) for face-to-face. ROC analysis of the POMA-G predicting the Stay Independent
Brochure calculated an AUC of 0.757 (95% CI = 0.602 – 0.911, p = 0.006) for telerehab, and an
AUC 0.811 (95% CI = 0.674 – 0.947, p = 0.001) for face-to-face. ROC analysis of the POMA-G
predicting the STEADI (three-tiered risk) calculated an AUC of 0.792 (95% CI = 0.647 – 0.937,
p = 0.005) for telerehab, and an AUC 0.812 (95% CI = 0.624 – 1.000, p = 0.003) for face-to-
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face. Table 22 outlines ROC analysis data comparing equivalence of validity measures for each
environment scoring the POMA-G.
Table 22. POMA Tinetti Gait Score: Comparative Analysis of Telerehabilitation and Faceto-Face Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC
p Value
12-month Fall History

0.664
0.127

0.760
0.015*

0.614
0.229

0.618
0.213

AUC
p Value

0.478
0.855

0.672
0.159

AUC
p Value
6-month Medication Changes

0.409
0.484

0.409
0.484

AUC
p Value

0.531
0.767

0.550
0.629

AUC
p Value
Stay Independent Brochure

0.748
0.017*

0.812
0.003*

0.757
0.006*

0.811
0.001*

0.792
0.005*

0.812
0.003*

0.621
0.222

0.737
0.017*

Positive (yes) = 22

AUC
p Value
12-month Emergent Care
Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
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AUC
p Value

0.504
0.972

n = 39

0.571
0.514
* = p <0.05

The single limb stance (SLS) scores were calculated by selecting the time for the left and
for the right lower extremities recorded by rater 1 for each test environment. The SLS
demonstrated fair to good AUC volumes, significance (p < 0.05), equivalence among both test
environments when examining outcomes from the Mini-BEST, Stay Independent Brochure, the
converted two-tiered STEADI, and the three-tiered STEADI (LLE only) but not with classifying
prior falls, 12-month emergent care, fracture history, and 6-month medication changes. Despite
poor sensitivity and specificity with classifying independent variables from the Fall History
Questionnaire and prospective fall rates, all six of these variables along with the RLE threetiered STEADI demonstrated equivalent AUC values and insignificance among both TR and
face-to-face test environments. As mentioned, ROC analysis of the SLR calculated significant
AUC for predicting fall risk conclusions of the Mini-BEST, Stay Independent Brochure, and the
three-tiered STEADI indicating fair to good sensitivity and specificity. ROC analysis of the SLS
predicting the Mini-BEST calculated an AUC on the RLE of 0.792 (95% CI = 0.630 – 0.955, p =
0.005) and an AUC on the LLE of 0.758 (95% CI = 0.591 – 0.925, p = 0.013) for telerehab, and
an AUC on the RLE of 0.813 (95% CI = 0.656 – 0.970, p = 0.003) and an AUC on the LLE of
0.740 (95% CI = 0.572 – 0.908, p = 0.021) for face-to-face. ROC analysis of the SLS predicting
the Stay Independent Brochure calculated an AUC on the RLE of 0.771 (95% CI = 0.620 –
0.923, p = 0.004) and an AUC on the LLE of 0.775 (95% CI = 0.620 – 0.930, p = 0.003) for
telerehab, and an AUC on the RLE of 0.776 (95% CI = 0.615 – 0.919, p = 0.004) and an AUC on
the LLE of 0.772 (95% CI = 0.615 – 0.930, p = 0.004) for face-to-face. ROC analysis of the SLS
predicting the two-tiered STEADI calculated an AUC on the RLE of 0.713 (95% CI = 0.540 –
0.886, p = 0.032) AUC on the LLE of 0.811 (95% CI = 0.672 – 0.949, p = 0.002) for telerehab,
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and an AUC on the RLE of 0.704 (95% CI = 0.529 – 0.880, p = 0.040) and an AUC on the LLE
of 0.817 (95% CI = 0.674 – 0.959, p = 0.001) for face-to-face. Table 23 outlines ROC analysis
data comparing equivalence of validity measures for each environment scoring the SLS.
Table 23. Single Limb Stance Test: Comparative Analysis of Telerehabilitation and Faceto-Face Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29
RLE
LLE
RLE
LLE
AUC
0.566
0.647
0.588
0.619
p Value
0.541
0.172
0.412
0.267
12-month Fall History
Positive (yes) = 22

AUC
p Value
12-month Emergent Care

0.508
0.932

0.533
0.723

0.501
0.989

0.507
0.944

AUC
p Value

0.443
0.634

0.676
0.148

0.473
0.826

0.560
0.621

AUC
p Value

0.399
0.436

0.513
0.922

0.361
0.284

0.417
0.120

AUC
p Value

0.565
0.533

0.620
0.248

0.601
0.333

0.667
0.108

AUC
p Value
Stay Independent Brochure

0.792
0.005*

0.758
0.013*

0.813
0.003*

0.740
0.021*

0.771
0.004*

0.775
0.003*

0.767
0.004*

0.772
0.004*

0.662
0.119

0.722
0.033*

0.670
0.101

0.705
0.049*

0.713
0.032*

0.811
0.002*

0.704
0.040*

0.817
0.001*

Positive (yes) = 7

Fracture History
Positive (yes) = 6

6-month Medication
Changes
Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
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6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value

0.481
0.860

0.629
0.237

n = 39

0.494
0.958

0.612
0.306

* = p <0.05

The tandem stance scores were calculated by selecting the time for the left and for the
right lower extremities recorded by rater 1 for each test environment. The tandem stance test
demonstrated similar significant equivalence to other fall screening tests when comparing area
AUC volumes. The exception was that the Stay Independent Brochure score outcomes that
demonstrated significance only on the LLE for the face-to-face rater. Despite poor sensitivity and
specificity with predicting prospective falls, Stay Independent Brochure outcomes, and the threetiered STEADI outcomes, and with classifying prior falls, 12-month emergent care, fracture
history, and 6-month medication changes, AUC values and insignificance levels among both TR
and face-to-face test environments are very equivalent. As was the case with the SLS test, the
tandem stance test also had higher AUC volumes and demonstrated statistical significance on the
LLE as opposed to the RLE.
ROC analysis of the tandem stance calculated significant AUC for predicting fall risk
conclusions of the Mini-BEST (LLE only) and the two-tiered STEADI indicating fair sensitivity
and specificity levels. ROC calculations of the tandem stance predicting the Mini-BEST revealed
an AUC on the LLE of 0.773 (95% CI = 0.595 – 0.951, p = 0.009) for telerehab, and an AUC on
the LLE of 0.752 (95% CI = 0.571 – 0.932, p = 0.016) for face-to-face. ROC analysis of tandem
stance predicting the two-tiered risk STEADI calculated an AUC equivalent on both the RLE
and LLE of 0.769 (95% CI = 0.625 – 0.913, p = 0.007) for telerehab, and an AUC on the RLE of
0.769 (95% CI = 0.625 – 0.913, p = 0.007) and an AUC on the LLE of 0.788 (95% CI = 0.650 –
0.927, p = 0.004) for face-to-face. AUC for the two-tiered STEADI was fair but strongly
significant for both rater environments implementing the tandem stance test. Table 24 outlines
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ROC analysis data comparing equivalence of validity measures for each environment scoring the
tandem stance.
Table 24. Tandem Stance Test: Comparative Analysis of Telerehabilitation and Face-toFace Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29
RLE
LLE
RLE
LLE
AUC
0.547
0.528
0.538
0.533
p Value
0.664
0.797
0.723
0.760
12-month Fall History
Positive (yes) = 22

AUC
p Value
12-month Emergent Care

0.471
0.755

0.460
0.671

0.425
0.428

0.473
0.777

AUC
p Value

0.542
0.728

0.558
0.634

0.603
0.400

0.545
0.128

AUC
p Value
6-month Medication Changes

0.598
0.448

0.480
0.876

0.611
0.392

0.470
0.815

AUC
p Value

0.555
0.596

0.455
0.662

0.539
0.708

0.485
0.888

AUC
p Value
Stay Independent Brochure

0.597
0.349

0.773
0.009*

0.633
0.201

0.752
0.016*

0.588
0.347

0.663
0.081

0.584
0.369

0.686
0.048*

0.576
0.463

0646
0.160

0.516
0.876

0.675
0.092

0.769
0.007*

0.769
0.007*

0.769
0.004*

0.788
0.004*

Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
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AUC
p Value

0.500
1.000

0.408
0.397

n = 39

0.460
0.711

0.446
0.621

* = p <0.05

Narrow stride scores were calculated by selecting the time for the left and for the right
lower extremities recorded by rater 1 for each test environment. The narrow stride stance test
demonstrated equivalence of AUC values and similar insignificance of p values with classifying
and predicting all ten independent variables. All AUC values demonstrated poor sensitivity and
specificity. Table 25 outlines ROC analysis data comparing equivalence of validity measures for
each environment scoring the narrow stride stance test.
Table 25. Narrow Stride Stance Test: Comparative Analysis of Telerehabilitation and
Face-to-Face Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29
RLE
LLE
RLE
LLE
AUC
0.488
0.469
0.488
0.466
p Value
0.910
0.772
0.910
0.748
12-month Fall History
Positive (yes) = 22

AUC
p Value
12-month Emergent Care

0.519
0.843

0.495
0.955

0.519
0.843

0.492
0.932

AUC
p Value

0.545
0.714

0.558
0.634

0.545
0.714

0.554
0.661

AUC
p Value
6-month Medication Changes

0.455
0.726

0.470
0.815

0.455
0.726

0.470
0.815

AUC
p Value

0.446
0.607

0.464
0.731

0.446
0.607

0.464
0.731

AUC
p Value
Stay Independent Brochure

0.636
0.190

0.591
0.382

0.636
0.190

0.591
0.382

Positive (yes) = 7

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20
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AUC
p Value
STEADI Risk (3-tiered)

0.575
0.423

0.550
0.593

0.575
0.423

0.550
0.593

0.576
0.463

0.529
0.779

0.576
0.463

0.526
0.803

0.558
0.561

0.538
0.699

0.558
0.561

0.538
0.699

0.442
0.596

0.462
0.724

0.442
0.596

0.462
0.724

Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value
n = 39

* = p <0.05

Narrow stance scores were calculated by selecting the time recorded from the first trial
by rater 1 from each test environment. Scores from the first trial needed to be used in statistical
calculations of validity because all participants scored a perfect 10 out of 10 seconds on trial two.
Similar to the narrow stride stance test, the narrow stance test demonstrated equivalence in its
inability to classify or predict all ten independent variables among both test environments. All
AUC values demonstrated poor sensitivity and specificity. Overall, analysis for both
environments scoring the narrow stride stance test revealed equivalently low AUC values and
insignificant p values. Table 26 outlines ROC analysis data comparing equivalence of validity
measures for each environment scoring the narrow stance test.
Table 26. Narrow Stance Test: Comparative Analysis of Telerehabilitation and Face-toFace Screening using Receiver Operating Characteristic Curve
Independent Variable
Telerehabilitation
Face-to-Face
Fall History
Positive (yes) = 29

AUC
p Value
12-month Fall History

0.469
0.772

0.469
0.772

0.495
0.955

0.495
0.955

Positive (yes) = 22

AUC
p Value
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12-month Emergent Care
Positive (yes) = 7

AUC
p Value

0.558
0.634

0.558
0.634

AUC
p Value
6-month Medication Changes

0.470
0.815

0.470
0.815

AUC
p Value

0.464
0.731

0.464
0.731

AUC
p Value
Stay Independent Brochure

0.591
0.382

0.591
0.382

0.550
0.593

0.550
0.593

0.529
0.779

0.529
0.779

0.538
0.699

0.538
0.699

0.462
0.724

0.462
0.724

Fracture History
Positive (yes) = 6

Positive (yes) = 11

Mini-BEST
Positive (yes) = 11

Positive (yes) = 20

AUC
p Value
STEADI Risk (3-tiered)
Positive (yes) = 11

AUC
p Value
STEADI Risk (2-tiered)
Positive (yes) = 26

AUC
p Value
6-month Prospective Falls
Positive (yes) = 10 [n=36]
AUC
p Value
n = 39

* = p <0.05

Findings
Research question 1 (What effect does exposure to a telerehabilitation delivery system
have on underlying attitudes and beliefs of older adults about the perceived usefulness of this
healthcare delivery option?) led to the creation of a survey instrument suitable to quantify
change following a telerehabilitation experience, and the instrument served as a valid method to
compare post-test data with control group participants. Overall, the survey instrument, as
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implemented in this study, demonstrated good internal consistency with pre-test ( = 0.877) and
post-test surveys ( = 0.859). Because construct 4 (facilitating conditions) demonstrated less
than acceptable post-test internal consistency ( = 0.645), relationships among each of the four
items in construct 4 were further examined. Pearson’s correlation was selected to stay consistent
with the parametric statistical analysis, ANCOVA. Poor to weak correlations were concluded
between the 3rd item, Q4c, of construct 4 (I believe that technology advancements are important
to meeting my healthcare needs) and item Q4a (I believe having access to a physical therapist
outweighs the cost of purchasing a computer or table; r = 0.129 pre-test, r = -0.092 post-test) and
item Q4b (I believe the benefit of consistently accessing a physical therapist outweighs the cost
of internet service in my home; r = 0.207 pre-test, r = 0.009). Correlation between item Q4c and
the remaining item, Q4d (I believe that healthcare providers will also provide technical support
to me), demonstrated moderate correlation (r = 0.721 pre-test, r = 0.472 post-test). Items Q4a and
Q4b had strong pre-test correlation (r = 0.813 pre-test, r = 0.760 post-test), and item Q4d had
weak to acceptable correlation with Q4a (r = 0.291 pre-test, r = 0.292 post-test) and Q4b (r =
0.347 pre-test, r = 0.327 post-test) as compared to item Q4c with other items in construct 4.
Therefore, it was recommended that Q4c (I believe that technology advancements are important
to meeting my healthcare needs) be eliminated or tested or reassigned to a more appropriate
construct in future iterations of the TR survey instrument.
If content validity ratios were integrated to the strict minimum values suggested by
Lawshe (CVR > 0.99 if n = < 7), the TR survey would have included only five (Q2c, Q4b, Q5c,
Q5d, & Q6b) of the 33 items, and would have integrated components of only four of seven
constructs supported in the technology acceptance literature. Table 27 outlines pre-experimental
content validity data with post-experimental pre- and post-test internal consistency levels.
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Table 27. Comparison of Content Validity Values and Internal Consistency Levels of the
Telerehabilitation Survey Instrument
Survey Construct
Item CVRs
CVI
Pre-test 
Post-test 
level
level
1. performance
0.71
0.38
0.955
0.959
expectancy
0.71
/perceived
0.43
usefulness
0.43
0.14
0.14
0.14
2. effort expectancy
0.71
0.71
0.965
0.969
0.71
1.0
0.71
0.43
3. social influence
-0.14
-0.07
0.890
0.916
-0.42
0.14
0.14
4. facilitating
0.71
0.64
0.742
0.645
conditions
1.0
0.71
0.14
5. perceived security
0.43
0.52
0.884
0.927
0.43
1.0
1.0
0.43
-0.14
6. computer anxiety
0.14
0.43
0.906
0.816
1.0
0.14
7. physician’s opinion
-0.14
0.21
0.794
0.783
0.14
0.71
0.14
Mean for all constructs
0.42
.40
0.877
0.859

Findings suggested that there were few connections between recommendations from the
panel of experts and statistical tests of homogeneity. For example, social influence had the
lowest CVR value but also had good to excellent internal consistency of pre- and post-test
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surveys. In follow-up to the null hypothesis that there was no difference in attitudes and beliefs
of older adults exposed to this investigation’s real-time telerehabilitation application and older
adults in the control group, pre- and post-test composite score comparisons for constructs 1
(performance expectancy /perceived usefulness), 2 (effort expectancy), 4 (facilitating
conditions), and 5 (perceived security) statistically refute this hypothesis. Additionally, the
composite score comparisons for construct 7 (physician) was approaching significance (p =
0.057). The TR survey instrument ANCOVA data, mean composite scores (SD), level of
significance, and effect sizes comparing pre- and post-test scores among groups can be found in
Table 4. The final version of the TR survey instrument implemented in data collection is found
in Appendix I. Overall, statistical appraisal of the survey indicates that there are many strengths
of this preliminary TR survey instrument. Chapter 5 further discusses these strengths, study
outcomes, recommendations, and limitations.
Research question 2 (Are fall risk screening conclusions that are derived remotely
equivalent to other reference standard face-to-face screening tools?) led to the establishment of
comparative validity measures among remote and face-to-face environments as well as
concurrent validity comparing fall risk conclusions derived remotely with a face-to-face
reference standard. Correlation and receiver operating characteristic curves (ROC) confirmed
that that sensitivity and specificity measurements from telerehab raters were relatively equivalent
to sensitivity and specificity measurements from face-to-face raters when comparing area under
the curve (AUC) and p-value significance. These analyses conclude that being evaluated by
either the face-to-face or telerehab rater group had no difference in classifying predicting a
participant’s score on any of the independent variable measures.
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Comparison of a dichotomous dependent variable (screening tool) and a dichotomous
independent variable (fall history, for example) led to the formulation of true positives, false
positives, true negatives, and false negative data from the 39 participants of the experimental
group. Stratification of this data led to the calculation of sensitivity, specificity, and likelihood
ratios for the STEADI toolkit and the selected reference standard, the Mini-BEST, as well as the
FRT, 4MWT, TUG, 30STS, and tandem stance. As noted, concurrent validity between the
telerehab STEADI and the face-to-face reference standard was established and confirmed by
moderate significant correlation (r = 0.447, p = 0.004) with fall risk categorization, and very
good sensitivity (89%) of the STEADI confirming a positive fall risk conclusion from the MiniBEST and excellent specificity (92%) of the Mini-BEST confirming a negative (low) fall risk
conclusion on the STEADI. Overall, the STEADI was found to have stronger positive predictive
values and the Mini-BEST was found to have stronger negative predictive values for the
incidence of prospective falls and the classification of 12-month emergent care, fracture history,
and 6-month medication change history.
Good to excellent specificity data was calculated for all five of the nine individual fall
screening tests with established cut-off scores that were primarily used with the establishment of
feasibility and reliability in research question 3. Specificity ranged from 70% - 100%% for the
30STS, tandem stance, TUG, 4MWT, and FRT’s ability to confirm a negative finding from
participant’s self-reported fall history since age 65. Of this group, the TUG and 4MWT had the
most consistent and highest levels of specificity (88-100%). Specificity became more variable
with classifying self-reported negative 12-month retrospective and predicting 6-month
prospective fall rates. Specificity ranged from 53-90% with levels on the 30STS and tandem
stance both below 70%. The 4MWT had the most consistent and highest levels of specificity
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with confirming no falls in the previous 12-months. Lastly, the 30STS and tandem stance
underperformed with predicting negative 6-month prospective falls (54-65%), and variability
was identified with specificity values of the TUG, 4MWT, and FRT (73-89%). Overall, the
FRT’s seven inches cut-off score had much better specificity levels than the 10 inches cut-off
mark for all fall prediction and classification data. To a lesser contrast than the FRT’s two-level
cut score comparisons, the TUG’s 13-second cut-off mark had slightly better negative predictive
and classification ability than the 12-second mark cited in the STEADI toolkit. Supplemental
correlation data can be found in Appendix J.
Research question 3 (Are outcomes of fall screening measures that are performed
remotely consistent with those performed face-to-face?) led to the confirmation that telerehab
scoring and fall-risk categorization was consistent with face-to-face scoring and fall-risk
categorization among screening tools integrated into this investigation. Kappa statistics
demonstrated moderate to excellent strength of agreement (0.544 – 0.945), intraclass correlation
coefficients demonstrated excellent to perfect agreement (0.918 – 1.000), and matrix correlation
calculations confirmed good to perfect relationships (0.675 – 1.000) with scoring and fall risk
categorization, where applicable, among both test environments with significance (p < 0.05) for
the Timed Up and Go (TUG) Test, 30-Second Chair Rise (30STS), 4-Stage Balance (narrow
stance, narrow stride stance, tandem stance, and single limb stance), Performance-Oriented
Mobility Assessment Gait (POMA-G) Tool, 4-meter Walk Test (4MWT), and Functional Reach
Test (FRT). Additionally, the raters from telerehab and face-to-face environments demonstrated
significant interrater reliability agreement with the published three-tiered risk scale (99%
agreement, r = 0.981, p <0.001), and with the modified two-tiered risk scale (K = 0.943, r =
0.945, p <0.001).
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Two other areas of analysis not directly addressed by the three research questions relate
to the relationship between the Stay Independent Brochure scores and the overall STEADI
algorithm, and whether the statistically modified two-tiered STEADI (low, high) was
interchangeable or as good as the three-tiered STEADI (low, moderate, high). Spearman rho
correlation analysis revealed a fair correlation (r = 0.325, p = 0.044) between the Stay
Independent Brochure and the three-tiered STEADI risk conclusions, and a poor and
insignificant correlation (r = 0.181, p = 0.269) between the Stay Independent Brochure and a
two-tiered STEADI risk model. ICC revealed an insignificant 31% agreement between the Stay
Independent Brochure and the STEADI risk classifications. All factors considered, the
preliminary step in the STEADI tool kit (Stay Independent Brochure) and the final classification
algorithm of the STEADI do not produce consistent results. Despite ROC analyses revealing
mostly significant and acceptable AUC for the Stay Independent Brochure and STEADI risk
classification independent of one another, the two classifications lack reliability of agreement
and lack strong evidence to support their relationship.
When comparing a prospective two-tiered with the current three-tiered STEADI risk
models, both have significant and positive relationships with many of the nine individual
screening tools as per matrix correlations and AUCs. Further, there was a significant excellent
correlation between the two risk models (r = 0.945, p < 0.001). However, another purpose of the
three-tiered model developed by the CDC was to provide more specific recommendations
catering to three different groups with theoretical unique follow-up needs as opposed to a twotiered, dichotomous model that many other screening tests employ (i.e. risk or no risk).
Therefore, future investigations can reference this research and continue to use a two-tiered risk
model when needed to support statistical calculations. However, the three-tiered model has better

154

clinical applicability and, as described in Chapters 2 and 3, the published three-tiered STEADI
algorithm including the Stay Independent Brochure is consistent with recommendations from the
American and British Geriatrics Societies.35,79
Summary of Results
The telerehabilitation survey was constructed, appraised for face and content validity by a
7-member panel of experts, proven to have good overall internal consistency with pre- and posttest scoring, and was sensitive to change demonstrating significant change in experimental posttesting scores among four of seven survey constructs (n = 84).
The STEADI algorithm was appraised for consistency and relationships among variables
that comprise the algorithm’s flowchart and ultimate risk categorization. Fall risk categorization
of the STEADI was found to have excellent 99% agreement between telehealth and face-to-face
rater environments (n = 39). The TR and face-to-face rater scoring the STEADI algorithm had
excellent correlation using Spearman’s rho (r = 0.981, p <0.001). Overall, the STEADI was
found to have good sensitivity with predicting or classifying the positive presence of 6-month
prospective falls (80%), falls since age 65 (76%), falls in the prior 12-months (73%), fall-related
fracture history (75%), 12-month emergent care use history (86%), 6-month medication change
history (80%), score >4 on the Stay Independent Brochure Questionnaire (75%), and fall risk
concluded by the Mini-BEST (89%). The telerehab three-tiered STEADI was concluded to have
moderate concurrently validity with the face-to-face Mini-BEST (r = 0.447, p = 0.004). These
findings are supported by the following Spearman’s rho correlation findings: moderate
significant correlation (r = 0.447, p = 0.004) using the three-tiered TR STEADI. However, the
relationship between the Mini-BEST and a STEADI demonstrated a weaker insignificant
relationship with both TR (r = 0.258, p = 0.113) and face-to-face (r = 0.283, p = 0.081)
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environments when the STEADI was reduced from a three-tiered to a consolidated two-tiered
risk model. Nonetheless, both tools proved to be reliable and valid instruments for healthcare
professionals to consider implementing.
It is notable that sensitivity and specificity values from the STEADI and Mini-BEST
demonstrated an inverse relationship with predicting and classifying outcomes from independent
variables. More specifically, the TR STEADI demonstrated stronger sensitivity values whereas
the Mini-BEST demonstrated stronger specificity values.
Reliability analysis using ICC and kappa concluded good to perfect significant agreement
of scoring and fall risk conclusions between telehealth and face-to-face raters when
implementing the FRT, TUG, 30STS, 4MWT, POMA-G, narrow stance, narrow stride stance,
tandem stance, and single limb stance. In addition, ROC analysis revealed relative equivalency
of AUC curves for each of these nine individual screening tests and their ability or inability to
classify prior fall, fracture, emergent care, and medication change histories, as well as predict
future falls and relative equivalency among predicting risk conclusions from the Mini-BEST,
Stay Independent Brochure, and a two- and three-tiered STEADI risk categorization. The
exceptions to equivalence of AUC values among telerehab and face-to-face environments was
with the POMA-G and FRT bringing into question the feasibility and accuracy of conducting
these two screening tests with basic audio-visual conferencing equipment. Chapter 5 will further
elaborate on the implications and limitations of these results, and their impact on this proposal’s
problem statements and research question hypotheses.
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CHAPTER FIVE: DISCUSSION
Discussion
The Clinical Guidance Statement from the APTA’s Academy of Geriatric Physical
Therapy states that physical therapists should play a role in questioning older adults about the
presence, frequency, and circumstances surrounding falls and in the screening for balance
impairments and gait abnormalities.35 This was a vital step towards improving the independence
of community-dwelling elders and costs associated with falls in those age 65 and older. As
Chapter 2 highlighted, there are a battery of fall risk screening and outcome measures available
for healthcare providers to employ. Because few screening tools are appropriate in all settings
and appropriate for all patients,35,78 this investigation tested a variety of fall screening tools felt to
be safe and potentially feasible to implement by a remote physical therapist. In many cases,
clinicians integrate more than one fall risk screening tool to more accurately screen and
therefore, guide their clients with necessary wellness or follow-up evaluation actions.
Contemporary recommendations, however, suggest that multi-factorial fall risk assessments be
conducted annually to further appraise an individual’s full scope of fall risks. The CDC’s
Stopping Elderly Accidents, Deaths & Injuries (STEADI) Toolkit for healthcare providers was
an example of one such screening instrument.20
The Stay Independent Brochure questionnaire analyzes a multitude of factors as a precursor to the STEADI’s balance, lower extremity strength, and mobility assessment. Together,
along with the patient’s fall and fall-related injury history, this multi-factorial fall risk screening
algorithm creates a three-tiered risk categorization to guide provider recommendations and client
follow-up.20 Like all nine fall-risk screening tools selected for inclusion in this investigation, the
STEADI has the potential to impact our nation’s healthcare crisis related to fall-related disability
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and their economic consequences. The challenge, however, is finding more innovative, readily
available, cost-effective, and sustainable models for the provision of fall prevention health
services to older adults. Telerehabilitation has the potential to assist with this challenge.
Results of this investigation not only confirmed that many older adults are receptive to
computer-assisted access to a physical therapist, but post-test survey scores indicate that one
experience with a telerehab delivery system significantly enhanced participant attitudes and
behavioral intention to adopt telerehab services from a physical therapist. To that end,
implementation of all nine screening tools proved to have good to perfect agreement between
remote and face-to-face raters. Furthermore, implementation of all nine screening tools including
the integration of the STEADI algorithm proved to be feasible and safe within the controlled
methods employed by this investigation. The one caveat to the feasibility was feedback from
raters indicated that the Functional Reach Test (FRT) required repeated instructions from the
lead telerehab rater prior to most participants beginning to comprehend the test protocol. In
addition to end-user acceptability, test reliability, and feasibility, use of a telerehabilitation
delivery system proved to be have clinically meaningful valid outcomes as per congruency with
specificity calculations and area under the curve agreement with face-to-face risk outcomes.
Lastly, use of the STEADI algorithm for categorization of fall risk among community-dwelling
older adults was concurrently valid with the robust gold-standard, Mini-BEST.
Results from this investigation established a foundation to guide clinicians and
researchers engaging in telerehabilitation or telehealth so that just like with face-to-face
traditional practice decisions, they can combine their clinical judgement with pending
publications from this investigation to select the most appropriate fall risk screening tool for their
off-site clients. Although there are limitations and delimitations to this investigation and results
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should be integrated with caution, this investigation was able to quantify acceptability,
reliability, and validity for the integration into future research, clinical practice, and as a
foundation for healthcare policy advocacy.
This investigation was rooted in 3 major problem statements: 1) While telehealth delivery
systems have demonstrated the potential to assist with the screening for and the prevention of
elderly falls, its validity and reliability in doing so had not yet been established. 2) While
telehealth may be an option for some individuals, little was known about the attitudes and beliefs
of older adults with regard to receiving telecommunications-aided physical therapy services and
whether or not those attitudes and beliefs would be influenced by a telerehab experience. 3) Falls
in the elderly are a serious public health problem resulting in U.S. spending billions of dollars
treating the sequelae of injurious falls. More sustainable models for the provisions of health
services to prevent the physical disability and economic impact of elderly falls is needed. The
stated purpose of this investigation was to explore the acceptability, feasibility, reliability, and
validity of telehealth-delivered fall risk and mobility screening in an older adult population. This
investigation was the first of its kind to use synchronous telehealth applications to
comprehensively screen elderly fall risks and measure the perceived usefulness of a
telerehabilitation delivery system among community-dwelling older adults.
There have been concerns in research that most tools simply focus on the examination or
screen of balance, overall mobility, lower extremity strength, gait, and/or that some tools overlap
multiple constructs. This lack of clarity impedes implementation of evidence-informed clinical
practice and the creation of clinical practice guidelines. This overlap of screening and outcomes
tools for multiple constructs across multiple patient populations is exemplified by classically
utilized and referenced tools such as the Berg Balance Test, TUG, and Tinetti POMA.65
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Nonetheless, the contemporary literature and the most current Clinical Practice Guidelines from
the American and British Geriatrics Societies recommend a multi-factorial fall risk assessment.35
The STEADI toolkit was developed in response to these guidelines. One of the goals of this
investigation was to assess its reliability when implemented remotely.
The STEADI was designed to be a simple but evidenced-based method for healthcare
providers to more readily incorporate fall risk screening and fall prevention interventions into
their everyday clinical practice. It also provides an important link between clinical care and
community-based fall prevention programs such as the Otago and A Matter of Balance. While
the STEADI was developed in response to AGS/BGS recommendations and CDC fall prevention
initiatives, the toolkit lacks statistical data for the quality assurances needed to maximize its
clinical impact on population health. Despite the Stay Independent Brochure questionnaire and
the overall STEADI algorithm lacking consistency of agreement, they serve different functions
and both screening tools individually classified overall fall history since age 65 and 12-month
fall history of this study’s sampled population. It is also notable that the STEADI was also able
to predict the 6-month prospective fall incidence with 80% sensitivity. Furthermore, and most
importantly, this investigation has proven the STEADI to be a safe, feasible, reliable, and valid
method of administering a multi-factorial fall screening tool through a telerehab delivery system.
The STEADI has excellent sensitivity (89%) for confirming a positive fall risk outcome on the
face-to-face reference standard, the Mini-BEST, and the STEADI can also be used in
combination with other fall risk screening tools that this investigation found to be equivalently
safe, reliable, and valid to face-to-face implementation. Based upon the outcomes of this
investigation, best utility of the instruments tested would be the FRT (88-100% with 7” cut
score), 4MWT (81-88%), and TUG (73-90%). These three screening tools have good to excellent
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specificity using a telerehab delivery system and could be complimentary supplements or
alternatives to the STEADI depending on the clinical needs of the population and resources
available to the examiner.
Much of the literature supports the notion that a reported elderly fall incident drives the
screening assessment process.20,35,168 In contrast, an older adult can indicate that they have fallen
in the past year on the Stay Independent Brochure, but if their total score across the 12 questions
on this brochure was less than 4, the older adult will be classified as low risk and they are not
screened for gait, strength, and balance (TUG, 30STS, Four-Stage Balance Tests) impairments.
This appears to be a weakness of this CDC resource. Because all study participants received fall
screening testing regardless of their Stay Independent Brochure score or fall history, this
investigation was able to identify discrepancies with the flow of the STEADI’s current
algorithm. For example, eight of this study’s 14 participants classified as low risk reported prior
falls, seven reported multiple falls, two reported prior fall-related fractures, and at least two fell
within 6-months after testing (Table 8). This also highlights the possible need to integrate
alternative screening tools other than what the CDC has adopted for the STEADI. According to
the STEADI’s intervention algorithm, a low risk classification results only in patient education,
calcium and vitamin D prescription or intake verification, and referral to a community-based
exercise program. Despite 57% of this study’s low risk participants reporting prior falls, the
current CDC algorithm does not support a referral to physical therapy for a more detailed
examination or skilled intervention. This is in direct contradiction to the literature that states
those who fall are two to three times more likely to fall again,36,189 and that an individual’s risk
of falling increases with each decade of life.190 Lastly, the STEADI algorithm integrates the
TUG, 30STS, and the 4-Stage Balance Test. However, only the TUG was listed as recommended
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and the other two tests are listed as optional despite each test measuring a different construct
(mobility, standing balance, LE strength). Furthermore, the 30STS and the only portion of the
four-stage balance test with a cut-off score (tandem stance) both demonstrated less than optimal
sensitivity (tandem 20-41%; 30STS 48-60%) and specificity (tandem 59-70%; 30STS 54-70%)
with classifying prior and predicting future falls (Table 7). Regardless, this investigation
integrated all three tests and considered a participant as having at least a moderate risk in
accordance with the algorithm if any one of the three screening tests revealed a positive finding.
As mentioned above, this investigation found that a disproportionate number of fallers lacked
significant findings on the TUG, 30STS, and/or the 4-Stage Balance Tests concluded by both
telerehab and face-to-face rater environments. It is possible, however, that this finding is specific
to the sampled population and not a generalizable finding to all older adults.
To properly address research questions 2 and 3, all members of the experimental group
participated in all three functional screening tests included in the STEADI. As noted in Chapter
4, ICC analysis indicated a 99% agreement and excellent inter-item correlation (r = 0.981)
between both rater environments when scoring the three-tiered STEADI. That being said, results
from the telerehab raters are as reliable and valid as if the screen was performed face-to-face.
Thus, these aforementioned unintended results from this telerehab investigation suggest that
screening tools included in the STEADI require further analysis by the CDC so that better
congruency exists between positive or negative test results and prior fall history. Suggested
options for supplemental data analysis include further investigating the predictive validity of and
possibly altering the current cut-off points for the three screening tools, integrating replacement
or supplemental optional screening tools that are more sensitive to retrospective and prospective
falls/fall risks, and providing healthcare providers the ability to match screening tests with
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patient presentation, and/or altering the weight of prior falls on the 12-item Stay Independent
Brochure to ensure all persons with self-reported falls have the opportunity to receive further
assessment. An example of a possible need to alter a fall-risk cut-off value is with the TUG. The
CDC lists a 12-second cut-off time in the STEADI toolkit, but the literature mostly cites a 13second cut-off score. Results from this investigation indicate that the 13-second cut-off score has
greater specificity with classifying a negative incidence of 12-month prior falls and with
predicting negative 6-month future falls (Table 7).
The purpose and hypotheses of this research necessitated all participants receive fall risk
screening, thus, creating an opportunity to observe the mismatch between fall and fracture
history and their low fall risk classification (Table 5). This is an important factor that may have
gone unreported based upon the current flow diagram on the STEADI algorithm. In the end, the
intent of the STEADI is for medical providers of various disciplines to more readily include a
standardized screening process into their examinations so that interventions can be more
proactive than reactive in addressing falls.20,170 To accomplish these over-arching population
health goals of older adults, the STEADI toolkit and any other multi-factorial screening tools
must be rigorously tested and modified, as appropriate, to maximize their sensitivity and
specificity with falls and fall-related adverse events.
There is a growing body of research applying foundational theories rooted in the
technology acceptance model (TAM). As an extension of Davis’ TAM work, Venkatesh
spearheaded contemporary advancements for predicting end-user adoption of technology by
incorporating components of the theory of reasoned action (TRA), TAM, motivational models,
theory of planned behavior, the combined theory of planned behavior/TAM, model of personal
computer use, diffusion of innovations theory, and social cognitive theory.118,191 In anticipation
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of the expansion of health-related technologies, the population growth and wellness needs of
older adults, and evolving in-home tele-monitoring applications, many researchers began to
explore end-user adoption of these technologies and included older adults as potential endusers.54,76,191 It is notable that no articles that investigated the attitudes and beliefs of older adults
using standardized acceptance models such as the TAM focused on synchronous connections of
providers with end-users for health screening purposes. This investigation will be a unique
contribution to the literature base because it was the first of its kind to examine the perceived
usefulness of a telerehabilitation delivery system for examining fall risk in older adults. Since
then, the literature base has continued to evolve by further examining the attitudes and
preferences of older adults. One such example was an Australian publication that outlined the
sporadic consumer uptake of telehealth services. Russell et al specifically cited the aging
Australian population, rising healthcare costs, and the expectations of older adults to remain in
their homes as opposed to moving to residential care facilities as reasons to survey older adults
for predictors of home telehealth adoption. In this investigation, Russell et al examined the
influence of six factors: demographics, health status and usage, mobility and ease of access to
healthcare, technology usage and anxiety with technology, telehealth attitudes, and personality
traits.191 Unlike this dissertation study, Russell et al collected only baseline data through an
online survey and placed a tremendous focus on demographic factors such as access to providers
and hospitals, geographic residence (rural vs. urban), and presence of chronic conditions to test
predictive models. Their findings refuted the hypothesis that telehealth was for residents of rural
communities. In fact, their regression models concluded that neither geographical location nor
distance from a hospital were significant predictors of intention to adopt telehealth services.
Further, the presence of chronic diseases, which implies dependence on medical care, was also
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unrelated to intention to adopt. Although convenience of accessing healthcare providers was
moderately correlated with adoption intentions (r = 0.49), convenience nor personality factors
including risk aversion were significant predictors of use in their regression model. Conclusions
from Russell et al did find that trust in telehealth (β = 0.35), TAM (β = 0.27), healthcare habits (β
= -0.20), dissatisfaction with traditional healthcare (β = 0.19), and online behaviors (β = 0.09)
were significant predictors of intention to adopt.191 While Russell et al did integrate some key
questions from the technology acceptance and psychology literature, they did not operationally
define what they meant by many of these constructs. Furthermore, they did not publish their
survey questions, so it was difficult to compare its generalizability to older adults in the United
States or make direct comparisons with the survey instrument constructed and quantified in this
investigation. Russell et al indicated that the TAM was a significant finding; however, Davis’
Technology Acceptance Model highlights perceived usefulness and perceived ease of use,
neither of which were mentioned in Russell’s publication. Further, the TAM has had several
contemporary updates and expansions based mainly upon the collaborative work from
Venkatesh.118 There are potentially valuable common themes between outcomes of this
Australian study and this dissertation, but as published, Russell et al make it difficult to further
determine implications of their results.
While this investigation was the first known to use synchronous telehealth for the
purpose of fall screening among community-dwelling older adults, this investigation was not the
first to examine patient satisfaction in response to a telerehab experience. Recent publications
from Chumbler et al proposed using post-telerehabilitation telephone surveys for veterans
diagnosed with stroke who received tele-monitoring and tele-interventions as a means to quantify
patient satisfaction. However, their 2010 article was only a concept paper, and their 2015
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publication lacked details of patient satisfaction other than an enhanced satisfaction (p = 0.029)
with their Veterans Affairs Medical Center hospital care following a six month tele-monitoring
program.192,193 A 2004 publication by Russell et al was one of the first investigations to use a
visual analogue scale to survey participants receiving telerehab following a total knee
replacement. Satisfaction categories were perceived benefit, contentment with method,
recommend to friends, have this treatment again, visual clarity, and audio clarity.194 Results from
this fall screening study revealed that the intervention group scored significantly higher relative
to the control group on the TR survey post-test for perceived usefulness, effort expectancy,
facilitating conditions, and perceived security. Near significance (p = 0.057) was calculated for a
fifth construct, physician opinion (Table 5). Of the seven constructs included in the TR survey,
the investigator hypothesized that perceived usefulness, facilitating conditions, social influence,
computer anxiety, and physician opinion composite scores would show significant change upon
post-test scoring of the experimental group, whereas effort expectancy and perceived security
were hypothesized to not reflect significant change with post-test surveys. The methods and
scope of interaction between the participant and lead TR rater were thought to have a less direct
impact on constructs two and five as compared to the other five constructs hypothesized to be
influenced by a telerehab session.
While the constructs, the intent of determining end-user adoption, or the effect of a
telerehab experience hypothesized in this investigation do not match with the Russell’s study,
there are common themes of perceived benefit and perceived usefulness that both scored
favorably following a real-time telerehab experience. The limitation with Russell’s study was
that there lacked methodological rigor that was associated with a pre-test comparison and/or a
control group. The TR survey instrument constructed in support of research question 1 is the first
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validated survey tool designed for telerehab clinicians. Although further testing is needed to
establish cut-off scores to accurately predict end-user adoption and to refine items for maximal
internal consistency, the TR survey instrument will be a unique contribution to the literature.
Further discussion about the survey tool can be found in the implications section.
Truter et al along with Russell took yet a different approach with a recent publication
examining the validity of remote assessment of low back pain. This study’s satisfaction
categories were confidence with physical self-examination, recommend to a friend who was
unable to travel, as good as face-to-face, visual clarity, audio clarity, and overall satisfaction.195
While the method of using a visual analogue scale (VAS) and post-test only feedback remain
similar to his 2004 study, only clarity of the audio-visual connection remains the same in this
2014 publication. This low back pain investigation can be comparable with the TR survey by
analyzing Russell’s variable “as good as face-to-face” with the TR survey item 1b (Using a
computer to access a physical therapist is/was as good as seeing them face-to-face) and Russell’s
variable “visual / audio clarity” with the TR item 2d (My interaction with the telerehabilitation
equipment is/was clear and understandable). Russell’s mean VAS demonstrated 30 of 100mm
for “as good as face-to-face,” and approximately 70 of 100mm for both visual and audio quality.
In contrast, the TR survey measured responses on a 0-7 scale. After removing the five pre-test
scores that lacked a post-test response, the mean of all responses were calculated for items 1b
and 2d. The experimental group’s 1b changed from a mean of 3.87 at baseline to a 5.23 at posttest compared to the control group’s baseline mean of 3.33 and a post-test mean of 3.2. Although
different scales and methodology are associated with Russell’s “as good as face-to-face” results,
the TR survey demonstrated a 75% of total score as compared to Russell’s 30% of total score.
The experimental group’s 2d changed from a mean of 4.74 at baseline to a 5.72 at post-test
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compared to the control group’s baseline mean of 4.4 and a post-test mean of 3.88. Although
different scales and methodology are associated with Russell’s “visual and audio quality” results,
this dissertation’s TR survey demonstrated a comparable 82% of total score as compared to
Russell’s 70% of total score from feedback received from participants of his telerehab low back
pain assessment study.
Overall, this study was able to demonstrate excellent levels of agreement with raw
instrumentation scoring and fall risk using cut-off points as applicable for 10 fall screening
instruments included in this investigation: FRT, TUG, 4MWT, 30STS, POMA-G, single limb
stance, tandem stance, narrow stride stance, narrow stance, and the CDC’s STEADI. While
telehealth and telerehabilitation delivery systems have demonstrated the potential to assist with
the screening for and the prevention of elderly falls, the feasibility of conducting all of these tests
was underdeveloped in the literature. Another recent Australian study by Russell et al also
examined the feasibility and reliability of implementing the FRT, TUG, a step test, turning 360
degrees, and the BERG balance test with people diagnosed with Parkinson’s disease.196 While
Russell calculated strong levels of agreement via kappa and ICC calculations, instructions for
each test were provided by face-to-face raters and not all tests were scored through a
synchronous (real-time) telerehab session. For example, the FRT and Berg Balance Test in
Russell’s study were both scored by a remote therapist but through store-and-forward methods.
More specifically, environment agreement was aided by the remote clinician watching a
videotaped screening session. This is in contrast this this investigation’s synchronous
methodology where the telerehab clinician provides all client instructions in real-time.
Additionally, Russell et al integrated proprietary software to calibrate FRT results and this was,
again, conducted through store-and-forward methods.196 It is notable, however, that this
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dissertation had a much lower kappa value (0.544) with 7” cut-off than the 10” cut-off (0.874)
with determining inter-environment fall risk agreement indicating that software aided
synchronous telerehab may be needed to improve the accuracy of the FRT (Table 9).
The methodology of this investigation demonstrates enhanced external validity compared
to the methods employed by Russell et al. Explanations for all tests and measures were provided
by the lead remote rater and all raters, whether face-to-face or telerehab, were required to score
participants in real-time without the aid of watching a videotape, therefore, creating a more
realistic clinical environment for both participants and raters. By creating a more clinically
relevant environment, the accuracy of this investigation’s telerehab survey post-test results is
strengthened. The disadvantage of real-time telerehab without the aid of software that measures
and calibrates test outcomes such as with the FRT was that more time was required to implement
the FRT and results may not be as accurate. Additional time due to repeated instructions was also
experienced with implementing the POMA-G by remote raters. This may be a future barrier due
to time constraints of clinicians conducting TR fall risk screening. An additional feasibility
concern is that both the FRT and POMA-G calculated larger standard deviations as compared
with other screening tools. Although two trials were conducted for most individual screening
tests, standard deviations for this investigation are higher for the TUG and FRT as compared to
results published by Russell et al. For example, standard deviations calculated for the forward
FRT were 2.89 – 3.46 inches, whereas standard deviations for the same test electronically
calibrated by Russell were 0.87cm (0.34 inches). It is possible that the repeated measures design
and a patient population with greater variability in performance and function contributed to this
investigation’s higher standard deviation, but it is difficult to ascertain as Russell et al did not
publish ranges of screening test outcomes. In addition, the age range used by Russell et al was
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45-76 whereas this investigation’s experimental group had a mean age of 75 years old. It was
notable that this investigation’s sample size was over 300% larger and potentially had greater
variability among its test population than Russell et al. The variability with the FRT and POMAG bring to question the feasibility of these two screening tools when implemented through a
synchronous telerehab delivery system. The TR POMA-G only had a standard deviation of 1.11
– 1.54, but this is considered higher than ideal considering the tool is a fixed 12-point ordinal
scale. Further, the POMA-G had the lowest range of inter-item correlation calculations (r = 0.675
– 0.862) compared to the nine other fall screening tools further bringing to question its accuracy
and feasibility. It was also notable that the POMA-G was the only individual screening test to
demonstrate inconsistency with significance levels of AUC among environments when
classifying prior fall history (Table 22).
Comparison with the Literature – Reliability
This investigation was able to demonstrate excellent inter-environment and interrater
reliability among all raters for all 10 telerehab screening test scores and fall risk outcomes.
Similar to results from the pilot study of Russell et al involving individuals with Parkinson’s
disease, reliability measurements are consistent with previous studies investigating face-to-face
reliability. For example, Bennie et al reported excellent Functional Reach Test (FRT) interrater
reliability (ICC = 0.99) among asymptomatic individuals, Duncan et al reported excellent
interrater reliability (ICC = 0.98) among community-dwelling elderly, Thomas et al reported
excellent interrater reliability (ICC = 0.97) among frail elderly,148,149 and Weiner et al reported
good interrater reliability (ICC = 0.89) among older adults.147,196 As noted in Table 9, this
investigation calculated excellent interrater reliability among face-to-face (ICC = 0.978) and
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telerehab (ICC = 0.984) raters, and excellent inter-environment reliability agreement (ICC =
0.980).
Wolf et al reported excellent self-selected gait speed interrater reliability (ICC = 0.980)
among healthy adults.197 As noted in Table 10, this investigation also calculated excellent
interrater reliability among face-to-face (ICC = 0.993) and telerehab (ICC = 0.958) raters, and
excellent inter-environment reliability agreement (ICC = 0.954) for the 4MWT.
Podsiadlo and Richardson reported excellent Timed Up and Go Test (TUG) interrater
reliability (ICC = 0.99) among community-dwelling older adults and Nordin et al reported
excellent interrater reliability (ICC = 0.91) among older adult residents of residential care
facilities.124 As noted in Table 11, this investigation calculated excellent interrater reliability
among face-to-face (ICC = 0.999) and telerehab (ICC = 0.999) raters, and excellent interenvironment reliability agreement (ICC = 0.997) for the TUG.
Thomas et al reported excellent Tinetti POMA (balance and gait sections) interrater
reliability (ICC = 0.99) among frail elders.149 As noted in Table 12, this investigation calculated
excellent POMA-G interrater reliability among face-to-face (ICC = 0.918) and telerehab (ICC =
0.924) raters, and average to good inter-environment reliability agreement (ICC = 0.792).
Jones et al reported excellent 30-second chair rise (30STS) interrater reliability (r = 0.95)
among community-dwelling elderly.162 As noted in Table 13, this investigation calculated
excellent interrater reliability among face-to-face (ICC = 0.997; r = 0.994) and telerehab (ICC =
0.997; r = 0.995) raters, and excellent inter-environment reliability agreement (ICC = 0.997; r =
0.995).
According to the Rehabilitation Measures Database, interrater reliability for the singlelimb stance was not established.198 As noted in Table 14, this investigation calculated excellent
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single-limb stance (SLS) interrater reliability among face-to-face (ICC = 0.978 – 0.994) and
telerehab (ICC = 0.967 – 0.993) raters, and excellent inter-environment reliability agreement
(ICC = 0.956 – 0.992).
Franchigoni et al reported excellent tandem stance (i.e. sharpened Romberg) interrater
reliability (ICC = 0.99) among healthy women ages 55 – 71.199 As noted in Table 15, this
investigation calculated excellent to perfect interrater reliability among face-to-face (ICC = 0.997
– 0.998) and telerehab (ICC = 0.996 – 1.000) raters, and excellent inter-environment reliability
agreement (ICC = 0.990 – 0.995) for the tandem stance.
According to the Rehabilitation Measures Database, interrater reliability for the narrow
stride stance was not established.200 As noted in Table 16, this investigation calculated excellent
interrater reliability among face-to-face (ICC = 0.992 – 1.000) and telerehab (ICC = 0.999 –
1.000) raters, and excellent inter-environment reliability agreement (ICC = 0.999 – 1.000).
Finally, the Rehabilitation Measures Database reports that interrater reliability for the narrow
stride stance (Romberg eyes open) was also not established among community-dwelling older
adults.200
As noted in Table 17, this investigation calculated perfect narrow stance interrater
reliability among face-to-face (ICC = 1.000) and telerehab (ICC = 1.000) raters, and perfect
inter-environment reliability agreement (ICC = 1.000). Like the narrow stride test, interrater
reliability data is not available for comparison. A limitation to the ICC values for the 4-Stage
Balance Test was that the STEADI limits the screen to 10 seconds in duration, thus increasing
the chance of rater agreement with higher functioning research participants.
Comparison with the Literature – Validity
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This investigation was also able to calculate predictive and correlation validity indicators
for most screening tests integrated into this study. Similar to results from interrater agreement
data, validity measurements are mostly compared with face-to-face studies because of the limited
development in the telerehabilitation literature. To establish validity of a telerehabilitation
delivery system for screening fall risk among community-dwelling older adults, this
investigation used ROC characteristics, sensitivity, specificity, and correlation statistics.
Methods of establishing and reporting validity metrics in the face-to-face literature base,
however, is variable, and therefore, difficult to directly compare with results from all 10
screening tools included in this study. For example, Thomas et al reported Functional Reach Test
(FRT) sensitivity at 7” (18.5cm) cut-off (75%) and specificity (67%) in distinguishing fallers
from non-fallers among frail elderly. Kerr et al calculated ROC characteristics that reported an
area under the curve (AUC) of 0.52 in patients with Parkinson’s disease. However, the
systematic reviews conducted when assembling FRT data in the Rehabilitation Measures
Database did not include any AUC values to predict falls for community-dwelling older
adults.148 As noted in Table 7, this investigation calculated 100% specificity with both face-toface and telerehab raters but a low sensitivity among face-to-face (17.2%) and among telerehab
(13.8%) raters at the same 7” cut-off point. Sensitivity rates for the FRT predicting 6-month
prospective fall incidence also remained low. This investigation calculated an equivalent AUC
for telerehab (0.586) and face-to-face (0.581) raters despite both values yielding insignificant
confidence intervals and poor balance of sensitivity and specificity when classifying fall rates
since age 65 (Table 18).
Neither the Rehabilitation Measures Database nor publications on gait speed from Fritz
and Lusardi, including their White Paper, cites sensitivity, specificity, or ROC characteristics for
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gait speed and its classification or predictive ability with prior or future falls.151,172 This
investigation, however, was able to calculate validity measures with classifying prior falls among
community-dwelling older adults. As noted in Table 7, this investigation calculated excellent
specificity for both face-to-face (90%) and telerehab (88%) measurements, but very low
sensitivity with distinguishing fallers in both face-to-face (31%) and telerehab (36%)
environments. Sensitivity rates did not improve with predicting 6-month prospective fall
incidence. This investigation calculated equivalent 4MWT AUC levels for telerehab (0.586) and
face-to-face (0.581) raters despite both values yielding insignificant confidence intervals and low
AUC levels when classifying the presence of falls since age 65 (Table 19).
Neither the Rehab Measures databased nor the STEADI has sensitivity, specificity, or
ROC characteristics for the 30-second chair rise (30STS) and its ability to distinguish fallers
from non-fallers.20,162 However, this investigation was able to calculate validity values for the
30STS among community-dwelling older adults. As also noted in Table 8, this investigation
calculated acceptable 30STS specificity with face-to-face (70%) and telerehab raters (70%) but
low sensitivity with distinguishing fallers among face-to-face (48%) and telerehab (55%) raters.
AUC levels were insignificant for both rater environments for retrospective and prospective fall
incidence (Table 21), and not reported within the systematic review process of Rehabilitation
Measures Database.162
The Time Up and Go Test (TUG) has been validated among a variety of health
conditions. Bhatt et al calculated average sensitivity (56%) and specificity (60%) with predicting
fall risk. Using a different cut-off time of 11.1 seconds, Whitney et al calculated the TUG to be
80% sensitive and 56% specific in predicting falls among the elderly with vestibulopathic
conditions. Balash et al calculated similar results as Bhatt with the TUG being 69% sensitive and
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62% specific, and an AUC of 0.65 with predicting fall risk.124 As outlined in Table 7, this
investigation calculated excellent specificity with face-to-face (100%) and telerehab raters (90%)
using Shumway-Cook’s 13-second cut-off, but low sensitivity with face-to-face (31%) and
telerehab (24%) rater abilities to distinguish fall histories of the sampled community-dwelling
older adults. In addition, this investigation calculated an equivalent near-significant (p = 0.085 –
0.088) AUC among face-to-face (0.684) and telerehab (0.683) raters for the TUG’s ability to
classify prior falls, and an equivalent but insignificant AUC among face-to-face (0.546) and
telerehab (0.527) raters for the TUG’s ability to predict 6-month prospective fall incidence
(Table 20).
Sensitivity, specificity, or ROC analysis validity metrics are not available for the tandem
stance in the Rehabilitation Measures systematic review Database. As previously discussed,
narrow stride, narrow stance, and the POMA-G do not have established cut-off points, and
therefore, are not included in validity measurements or literature comparisons.201 However,
Jacobs’ validity metrics for the single limb stance in participants with Parkinson’s disease are
available for comparison. Jacobs reports a 75% sensitivity and 74% specificity with discerning
fall history. Tables 7 and 24 reflect insignificant AUC values for face-to-face (0.466 – 0.488) and
telerehab (0.469 – 0.488) raters for overall fall history, and an insignificant equivalent AUC
values for face-to-face and telerehab (0.442 – 0.462) raters for prospective fall incidence. Similar
to other screening tools that demonstrated more favorable specificity than sensitivity values, the
tandem stance (STEADI’s 10-second cut-off point20) had acceptable specificity with face-to-face
(70%) and telerehab (70%) raters, but low sensitivity with distinguishing fallers among face-toface (38-41%) and telerehab (38%) rater environments (Table 7). It is notable that some
investigations analyze components of the 4-Stage Balance Test for longer than the STEADI’s
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10-second algorithm, and this may have been useful with the population sampled in this
investigation. For example, Smithson et al differentiated non-fallers from fallers in their ability
to stand in tandem stance for 30 seconds in clients with Parkinson’s Disease.202
Leddy et al reported excellent sensitivity of 96% and low specificity of 47% of the MiniBEST using an erroneous cut-off value of 32 instead of 28. Specificity was enhanced to 78% and
specificity reduced to 88% with a corrected cut-off score of 63% (20/32).128,129 Despite the
majority of research focusing on individuals with neurologic disorders, this robust 14-item
clinical balance assessment tool integrates many validated components of other individual or
multi-item fall screening tools. A recent publication from Chan and Pang on communitydwelling older adults confirmed excellent interrater reliability (ICC = 0.96 – 0.99) and
acceptable to good correlations with the Berg Balance Scale, Activities-specific Balance
Confidence Scale, and Functional Gait Assessment among patients with total knee
arthroplasty.203 As previously discussed, healthcare providers continue to lack a gold-standard
screening tool that applies to all patient populations and all conditions. However, the MiniBEST’s excellent reliability and correlation with the Berg Balance Scale (r = 0.83 to 0.94), TUG
(r = -0.82 to -0.89) and the original BESTest (r = 0.955), its broad scope of items that pertain to
balance, and the evolving literature base recommending its use made it an appropriate selection
to establish concurrent validity of the telerehab STEADI algorithm.128,204 Mini-BEST outcomes
from this investigation will help to fill an important void in the literature as this investigation,
unlike the works previously cited, exclusively recruited community-dwelling older adults and did
not discriminate based upon the presence of a health condition such as Parkinson’s Disease or
non-hemiparetic stroke. As Table 6 outlines, the Mini-BEST had excellent specificity (92%) with
predicting low fall risk results on the STEADI, with predicting low risk on the Stay Independent
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Brochure (90%), with determining older adults without a fall history (90%), and predicting 6month fall incidence (85%), and acceptable specificity with classifying fall-related 12-month
emergent care utilization (78%), fall-related fracture history (75%), and medication changes in
the preceding 6-months (71%). The Mini-BEST was also calculated to have excellent interrater
reliability at 98.7% agreement among two face-to-face raters (ICC = 0.987, p < 0.001).
Implications
The major barriers to the development of telehealth practice patterns for physical therapy
identified early in this research proposal are technology, reimbursement, patient safety, and
attitudes and beliefs of potential end-users. Although multiple studies have identified
inconsistent voice and audio quality making communication between the client and provider
more challenging,11,67 this investigation was able to gain acceptance from all clinician rater
participants as “acceptable for clinical practice.” This is described in greater detail in the section
that examines threats to internal validity.
The second pre-existing barrier to the development of telerehabilitation delivery systems
was service reimbursement.43 Under Medicare Part B, the Medicare physician fee schedule
currently lacks a reimbursable Current Procedural Terminology (CPT) code for the remote
monitoring and provision of physical therapy services. In addition, physical therapists are not
listed as eligible providers for the delivery of telehealth services to Medicare beneficiaries.69
Provider eligibility is limited to physicians, nurse practitioners, physician assistants, nurse
midwives, clinical psychologists, clinical social workers, and clinical nurse specialists.
Furthermore, the originating site or the site of the Medicare beneficiary must be at a physician or
practitioner office, critical access or regular hospital, rural health clinic, a federally qualified
health center, skilled nursing facility, community mental health center, or a hospital-based renal
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dialysis center.58 These reimbursement guidelines are for face-to-face or synchronous
provider/patient interactions. Although Medicare does not provide reimbursement for store-andforward or asynchronous telehealth services to any providers,69 telemonitoring health indicators
such as blood sugar, weight, and blood pressure metrics are common to home health agencies,
for example. However, these providers are paid under a different prospective payment system,
and therefore, exempt from fee schedule or regulatory restrictions. Although the APTA is not
currently lobbying for payment of remote physical therapy services, outcomes of this
investigation are an additional step in the series of many that will enable telerehab professionals
to lobby that some remote applications are the equivalent of traditional face-to-face physical
therapy and are deserving of reimbursement consideration.
By identifying fallers before they fall or experience an injury from a fall,
telerehabilitation delivery systems have the potential to benefit many stakeholders. It is
incumbent upon physical therapists and the international telehealth community to continue to
develop the literature base testing the equivalence or non-inferiority of telehealth with face-toface treatments, create demand among consumers, partner with the private technology sector,
and begin to quantify cost-to-benefit ratios.
The next major barrier to the provision of telerehab services was patient safety. Patient
safety factors are guarding, type of connection, and jurisdictional law. Face-to-face assessments
and interventions provide physical therapists the ability to use themselves and/or support
personnel to employ specific guarding and positioning techniques to reduce injury risks to their
patients. Although the physical therapist can request the assistance of a friend or relative during a
telerehab session, these volunteers likely lack the training and experience of the physical
therapist and their staff. As encouraged in Chapter 2, the clinician has an ethical responsibility to
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determine which tests and measures are safe to remotely implement. Further, these decisions
may vary from client to client. While this investigation focused on the feasibility, acceptability,
reliability, and validity of a telerehabilitation delivery system appraising older adult fall risks, all
9 functional mobility assessment (FMA) screening tests were implemented under the direction of
a remote rater without incident (n = 39). The analysis of the breadth of potential screening tools
in Chapter 2 provides some support that use of a safety assistant was sufficient for the
implementation of these screening tests under most ordinary circumstances and client
presentations. Similar to face-to-face, the use of a safety assistant does not guarantee that a client
will not fall during fall screening examinations.
Another component of patient safety relates to the use of real-time vs. store-and-forward
technologies. A common store-and-forward application is the collection and assessment of
biometric data. As previously outlined, Russell et al utilized store-and-forward videotaping
methods to appraise select movement patterns in research procedures. However, this dissertation
investigation conducted research with a synchronous internet connection to mimic a more
clinically applicable screening process that may have less liability from any adverse events that
occur during or after a telerehab session. Delays between data collection, uploading data, and
analysis of data with store-and-forward encounters can compromise patient safety, thereby also
increasing the liability of the provider(s). It is not suggested that synchronous patient encounters
will be free of incident, but rather a provider is able to respond to a patient safety matter in realtime with synchronous connections.
Another component of patient safety barriers relates to licensure. Jurisdictional law, and
in situations when healthcare professionals are asked to provide consultation to a patient who
resides in a different state, licensure portability are topics integral to the successful expansion of
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telehealth services.43 In physical therapy practice, there are no uniform standards for licensure of
telehealth practice written into state laws. Currently, face-to-face and distance consultations are
treated the same in all but two states.10 Without expanded portability provisions, a licensed
physical therapist is unable to evaluate or treat a client across state borders regardless of
proximity or circumstance. Because the role of a state practice act is to protect its population, a
lack of licensure portability with uniform standards could potentially harm the recipient of
remote healthcare. Ongoing research that ultimately establishes evidence-based telerehab
practice may lead to greater acceptability towards remote providers across state lines. Greater
cooperation and standardization of Practice Acts among states has aided in reducing access
barriers for potential care recipients who reside in rural towns near state borders. The Federation
of State Boards of Physical Therapy is gaining cooperation from multiple states in establishing a
licensure compact. As of July 2017, fourteen states have enacted physical therapy licensure
compact legislation.205 If this trend continues, telerehab clinicians such as physical therapists can
legally provide service in perhaps a timelier manner to an older adult who experienced a recent
fall or was experiencing an acute onset of unsteadiness. Although this investigation focused more
on the screening and preventive aspects of elderly falls, the example of an older adult who can
consult with a physical therapist prior to an injurious fall is potentially beneficial to the person,
the payer, and society as a whole in terms of population health and costs savings to entitlement
or socialized medicine programs such as Medicare or Medicaid. As outlined in Chapter 1, access
barriers contribute to inferior health outcomes among those who reside in rural regions of the
U.S. As this investigation concluded (Table 8), fall risk classification is not directly related to fall
history.41 Therefore, remote fall screening tests may be integral in reducing the disability and
economic consequences of falls.
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The last barrier, and one that was central to this investigation, is the perception and
acceptance of older adults towards technologically-delivered healthcare. In contrast to a 2003
study that reported 22.4% of adults over age 60 (n = 350) had used a computer in the previous
year,72 all participants of this investigation had access to either their personal computer/tablet or
knew a friend, relative, or a community center such as a library from which they could access the
internet. Further, regardless of participant feelings and experiences with technology upon
baseline survey, this investigation demonstrated that a single telerehab experience significantly
impacted the attitudes and beliefs of older adults towards technology-assisted healthcare in the
majority of constructs as per increases in post-test scores with the experimental group versus the
control group (Table 5). Now that this TR survey has quantified responses to 33 items on the
survey and has demonstrated positive scoring outcomes following a TR experience, it can be
concluded that older adults are potentially receptive to telerehabilitation, and biases that older
adults are not receptive to technology are false. Follow-up studies including participants from a
broader geographic and demographic region, and implementation of fall screening tests in the
community as opposed to a university setting will improve external validity, and therefore, have
a greater impact on healthcare policy and payment advocacy. It is notable that despite study
participants stating that they had access to a computer through various methods noted above,
many expressed that they were not “computer savvy” or comfortable using technologies such as
computers or smart phones. That said, the creation and validation of a TR survey instrument that
focused on Davis’ perceived usefulness rather than perceived ease of use was an important first
step. However, future studies will need to analyze the impact of end-users being responsible for
the set-up and connection with remote clinicians. After this prospective data analyzing perceived
ease of use is gathered, it should be cross-referenced with data such as this investigation that
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focused on perceived usefulness. Only then will researchers, clinicians, and policy makers have a
true and more accurate perspective on the behavioral intension of older adults to participate in
technology-delivered healthcare services.
Outcomes from research question one is a positive step forward in a series of many to
identify receptive end-users and individual barriers, as well as to measure the impact of
innovative care models that connect patients with remote clinicians. The TR survey tool can
serve as a basis for modification by other telerehab professions by simply removing reference to
“falls” or “physical therapy,” and adapting language to fit their needs. It is recommended,
however, that modifications to any item, construct, or scale go through a similar content
validation process and be piloted for internal consistency with the target population. Pending
further investigation that may result in further refinement to the number of items and constructs
needed to predict end-user adoption of a telerehabilitation delivery system, the current survey
iteration was able to quantify scores and measure a change with prospective repeated measures
testing, as applicable. The meaning of the composite scores, other than being a percentage of
total for each construct or the whole survey, is yet to be determined as the purpose of this
investigation was to examine attitudes and beliefs of older adults towards telecommunicationsaided physical therapy services and whether or not those attitudes and beliefs would be
influenced by a telerehab experience.
This investigation was successful in addressing conclusions from Peek et al who stated
that quantitative post-implementation data was “scarce” in the literature.119 Until future
investigations for construct validity and cut-off points are completed, this survey may still
provide short-term benefits to TR clinicians in determining areas where a prospective end-use
may need additional support. For example, a person who rates items in construct 3 (social
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influence) high may benefit from being introduced to others who have experience with telerehab
or telehealth. Someone who rates the first two items in construct 4 (facilitating conditions) low
may flag the clinician that financial resources may be a limiting factor to their adoption or
consistent adherence with a telerehab plan of care. A clinician who notices a low baseline scores
for construct 2 (effort expectancy) may need to be cognizant that a client’s self-efficacy will be
enhanced through clear instructions and technical support. A potential end-user who provides
inconsistent baseline ratings in construct 7 (physician opinion) may cue the assessing clinician to
first attempt to gain support from the client’s physician including educating the physician on the
telerehab delivery system. By enhancing physician support and understanding, the clinician may
also enhance the client’s receptiveness and potential adherence to a telerehab care plan.
Each of the 33 items and seven constructs comprising the TR survey instrument can
provide meaningful information to clinicians about the likelihood of client buy-in and areas to
focus on when working with clients who are not familiar with telehealth or lack experience with
computers. All items have been vetted to be relevant to technology adoption and their respective
construct category by a seven-member panel of experts. Telerehab clinicians, physicians, and
potential clients should anticipate investing up-front time and resources to setting up and piloting
a telerehab visit or two with a trepidus client knowing that this investigation was able to refute
the null hypothesis that exposure to a telerehabilitation delivery system would not impact
attitudes or beliefs of older adults about telerehabilitation.
Chapter 1 highlighted the roles that physical therapists can serve with restoration of
health and function. Information presented also suggested that physical therapists are often
underutilized for prevention and wellness services, particularly with Medicare beneficiaries. To
that end, interprofessional collaborative practice is one of the cornerstones of healthcare reform
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initiatives and is ultimately needed in practice settings where pay-for-performance and episodebased rather than fee-for-service payment reform has been implemented. While physical
therapists continue to advocate for expansion of Medicare’s provider eligibility list, originating
site requirements, as well as actualization of APTA direct access and primary care provider
initiatives, telerehab professions should also seek collaborative clinical and research partners.
Collaboration and a team-based approach focusing on population health and prevention of
adverse outcomes would parallel current Medicare share-savings models such as Accountable
Care Organizations and Comprehensive Joint Replacement Reform. Demand for, acceptance of,
and therefore, payment for a telehealth service consultation from consumers or insurance
companies would depend on providers demonstrating “value.” Value implies a more equitable
balance between cost and quality that, like the aforementioned transition from fee-for-service
models, is integral to healthcare reform initiatives.
Recommendations
There are several recommendations for future research that builds upon this investigation.
Recommendations for the survey instrument include electronic implementation, confirmation of
construct validation, and inclusion of it with testing outside of a controlled university setting. To
test outside of a controlled setting, researchers must be cognizant of connectivity barriers and
must first test the bandwidth capabilities of their internet connections. Research conducted in
participant’s homes, for example, pose additional challenges due to variability and uniqueness of
each end-user’s internet vendor, connection (broadband, fiber optic, wired, wireless), and
equipment.
Researchers must also begin to integrate prospective cohort designs to examine longterm effectiveness and cost comparisons with traditional face-to-face care models. There is also a
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need to focus research and publication initiatives. Reporting of reliability and validity needs to
be more standardized in the literature, and a renewed focus on community-dwelling older adults
as opposed to condition-specific fall risk is needed. Collaboration among researchers and the
establishment of national and international research goals are needed.
Future research employing this study’s telerehab survey should consider electronic
survey implementation showing only one construct at a time, block the inability to look back at
other sections, and randomize the order of constructs and possibly the items to maximize
consistency and minimize bias. This recommendation may eliminate some “blanket” negative or
positive participant biases that can skew data. Although Russell et al acknowledged that their
investigation exploring predictors of home telehealth use by elderly Australians may have
induced bias from participants “who have an online presence,” alternative data collection
methods as described above may not be a limitation as researchers would provide access to a
computerized survey by supplying the equipment and integrating clinical testing rather than
solely relying on volunteers who have home internet access or an affinity towards technology as
was the case with Russell’s findings.191
The next steps with further validating the TR survey involves using factor analysis and
divergent validity processes to confirm construct validity. Additional steps to develop this survey
tool involve establishing cut points and analyzing multi-factorial regression formulas that
ultimately predict end-user adoption. Deriving meaning from construct composite scores and the
survey as a whole is helpful for comparative purposes, particularly with pre- and post-testing, but
end-user adoption and plan of care adherence is vital to the appropriate allocation of technical
and human resources. This investigation rejected the null hypothesis that experience with a
telerehab application would not impact baseline attitudes and beliefs quantified by the TR
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survey. However, the impact of participants who experience fall screening testing in their home
or at a community center, for example, is also recommended for direct comparison with this
study’s preliminary findings. This will also aide with the integration of Davis’ second TAM
construct, perceived ease of use. In addition to a change in geographic setting, pre- and post-fall
screening survey implementation needs to be tested with a friend, family member, or community
representative serving as the safety assistant. The potential effects of group participation such as
at a senior citizen or worship center versus alone in one’s home also needs to be determined.
Efficacy is the ability to produce a desired or intended result. Because this investigation
was able to test hypothesized results through using a telerehabilitation delivery system, the
feasibility goal of this investigation was accomplished. This preliminary telerehabilitation
investigation was able to prove the feasibility with the setting and internet connection all being
controlled to examine the effects on dependent variables and minimize Type II errors rates. In
addition to testing outside of a university setting, this research and research from other
investigators such as Dr. Russell in Australia, need to begin examining community-based
effectiveness, cost-effectiveness, and prospective cohort research designs to maximize external
validity and legislative impact. Physical therapists and other providers should also investigate the
satisfaction and long-term impact of fall prevention education using real-time telehealth
applications. Most importantly, telerehabilitation needs to transcend the conceptual and move
towards the actual.
Results from this investigation conclude that prior fall rates of participants may not be
representative of larger populations. Based upon self-reported fall histories, 29 of 39 (74%)
members of the experimental group reported at least one prior fall since turning age 65. This
contrasts with CDC data outlined in Chapter 1 that projects one in three adults age 65 and older
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fall annually. That being said, sensitivity, specificity, and receiver operator characteristic
analyses from this investigation should be interpreted with caution as the sampled population did
have a high rate of fall incidence. It is notable that only eight of thirty-six (22%) experimental
group participants who responded to prospective inquiries reported falling within 6-months
following this investigation. One to two-year prospective fall rates will yield more accurate
predictive validity conclusions. Lastly, prospective cohort studies are recommended to measure
cost/benefit ratio compared with participants of a control group (i.e. traditional healthcare) in an
effort for actualize potential solutions to problem statement 3: Each year, the U.S. spends
billions of dollars treating the sequelae of injurious falls. Overall, the U.S. lacks a sustainable
model for the provision of cost-effective healthcare services to older adults.
An unintended outcome of this investigation and subsequent literature searches revealed
a need to standardize reporting in the literature. This recommendation is particularly relevant to
systematic review endeavors from researchers or online repositories such as Rehabilitation
Measures Database. Three recommendations are made based upon review of research relevant to
elderly falls. The first pertains to predictive validity reporting; the second pertains to
recommending a renewed focus on community-dwelling older adults; the third recommendation
pertains to standardizing data reporting with the evolvement of the telerehab literature. Not all
screening tests have sensitivity, specificity, or indicators as to the balance between sensitivity
and specificity such as ROC analyses and AUC data. These recommendations are consistent with
a systematic review by Scott et al outlined in Chapter 2.78 Correlation data and construct
validation was very common probably due to simpler, less complicated and time-consuming data
analyses. Peer reviewers for journals and online database repositories need to be cognizant of the
overuse and over-statement of findings associated with correlation. For example, scales such as
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poor, moderate, good, and excellent need to be standardized with great attention to clinically
meaningful conclusions across the physical therapy literature. More specifically, a 0.4 correlation
highlighted as a significant “moderate correlation” finding can otherwise be interpreted that 16%
of the change in one variable was accounted for by a change in another variable using a
coefficient of determination method (r2). Lastly, a 50% sensitivity or specificity is the equivalent
of flipping a coin and should be reported as such. Thresholds for acceptable sensitivity and
specificity should be 70% or higher based upon guidelines from Perell et al and Oliver et al.78
Regarding elderly falls, the geriatric physical therapy community needs to place a renewed
emphasis on the community-dwelling older adult. Many contemporary publications focus on
specific health conditions such as Parkinson’s disease, multiple sclerosis, or spinal cord injuries,
for example. The literature base addressing falls of community-dwelling elders is aging. With
wellness, aging in place initiatives, and evolving technologies, the literature base must continue
to evolve, retest, repeat, and/or enhance the methodology used in previous studies because the
current population of older adults may not be the same as what the aging literature base reflects.
For example, the sampled population of this investigation exemplified a group of communitydwelling older adults with higher than average fall rates but also had negative fall risk outcomes
with standardized testing as compared to what the literature depicts. Results from the STEADI
algorithm exemplifies this perspective (Table 8). Lastly, as the telerehabilitation literature base
continues to develop, researchers and telehealth journals should be aware of opportunities for
standardization and transparency with data reporting. This will make collaboration, systematic
reviews, or meta-analyses more productive and beneficial to the telehealth community at large.
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Limitations and Threats
To address to the three research questions (Table 1), an investigation with experimental,
quantitative, and cross-sectional frameworks employing both pretest-posttest control group and
quasi-experimental static group comparison designs using non-probability sampling methods
was conducted. The overall design of this investigation including the inclusion and exclusion
criteria are suspect to certain threats to internal and external validity, limitations, and
delimitations. According to Portney and Watkins, potential threats to design validity include
statistical conclusion validity, construct validity of causes and effects, internal validity, and
external validity.37
Statistical conclusion validity essentially looks at how reasonable is a research
conclusion. Chapter 4 highlights the selection and use of statistical procedures for analyzing data
including excellent reliability outcomes as a basis for validity conclusions. Kappa and ICC tests
are frequently cited reliability statistics, and correlation, ROC curves, and sensitivity/specificity
tests are frequently cited validity statistics in the physical therapy elderly falls literature. In
addition, statistical test selection is matched with the level of measurement. For example, kappa
for nominal variables, and ICC for ordinal and continuous variables. However, two threats to
conclusion validity exist with this investigation: 1) Post-hoc power levels, 2) likelihood ratios,
and 3) small effect sizes. Post-hoc power levels (0.683) in this investigation indicate a possible
imbalance of risks between potential type I and type II error rates in this study. Positive and
negative likelihood ratios listed in Tables 6 and 7 mostly indicate limited usefulness of ruling in
or ruling out the presence of past or future fall rates. According to Cohen, partial eta effect sizes
in the range of 0.01-0.05 are small.206 The range of effect sizes for the four constructs that
demonstrated significant differences (p < 0.05) on post-test scores ranged from 0.097 – 0.0236.
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A larger sample size is recommended with future investigations to strengthen the overall power
and true effect of statistical conclusions.
Threats relevant to construct validity refers to the theoretical conceptualization of the
intervention and response variables and whether these have been developed sufficiently to allow
reasonable interpretation and generalization of the relationship between variables.37 The
telerehabilitation (TR) survey was developed based upon seven established and researched
constructs expressed in the technology acceptance literature. Internal consistency of the content
validated instrument used to test hypothesis 1 was calculated to support (not confirm) construct
validity of the TR survey instrument (Table 4). However, additional follow-up testing on this
newly developed tool is needed in future investigations to maximize the survey’s consistency,
accuracy, and impact. All of the fall screening tools used to test hypotheses 2 and 3 are wellconstructed with defined parameters using established standards and measures. The exception is
the STEADI although its component sections and outcome recommendations are supported in
the literature.
Construct validity may also have been impeded by the likelihood of bias introduced into
this investigation by subjects or raters. Bias was possible because of an inability to control for all
prior experiences with technology, fall histories, existing support systems, socio-economic
status, or physical therapy in general. Despite this, the investigator clearly defined relevant
constructs for all panel of experts’ members reviewing the TR survey instrument and for all
raters integrating the fall screening tools. However, participants received more implicit
operational definitions in an effort to capture feedback specific to the individual participant’s
broad perspectives and experiences rather than placing limitations that may bound the scope of
data analysis. For example, the Fall History Questionnaire did not operationally define a “fall,”
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and the TR survey provided a general operational definition of telerehabilitation (rehabilitation
services delivered through the use of real-time audio and video telehealth technologies). If
participants asked for further clarification, raters were only permitted to further define
telerehabilitation as “accessing a physical therapist through a computer” or “like Skype.”
Although there was the potential for rater bias and variability between subjects with the
provision of this additional assistance, clarification requests from participants were infrequent,
and raters received these instructions to maximize consistency. If participants were still confused
after the above re-explanations of telerehabilitation/telehealth, raters advised participants to “do
the best you can” when completing their survey(s). This investigation made every effort to
balance potential bias explicitly or implicitly projected by raters while concurrently attempting to
measure what this investigation was intended to measure.
Procedural controls were in place to minimize the influence of order effects or any bias
that the order of screening tests may influence a participant’s post-test completion of the TR
survey or their performance with fall screening tests. Despite the apparent lack of threats to
validity from order effects, multiple treatment interactions are potential threats to construct
validity. There is a possibility of carryover or combined effects that could have affected post-test
survey outcomes because nine telerehabilitation tests and one exclusively face-to-face test (MiniBEST) were implemented for all members of the intervention group (n = 39). For example, the
perception of a poor performance or an “I did better than I thought” performance may have
altered participants’ perception of the perceived usefulness of physical therapy and/or the
telerehabilitation delivery system.
Length of follow-up between pre- and post-test surveys with the control group was
another potential threat to construct validity as well as internal validity. This investigation was
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unable to control for participants formally researching or potentially speaking with other people
about telerehabilitation or use of technology before the pre-test or the approximately one-month
average time-frame between pre- and post-testing of the control group. Participants in the control
group may have consciously or subconsciously altered their conceptual thought about
telerehabilitation or technology-delivered healthcare in the month prior to completing their posttest survey. Unfortunately, this threat to construct and internal validity was outside of the
investigator’s control. However, participants of both the control and experimental groups were
blinded to their pre-test survey results when completing post-test TR surveys.
Another potential threat to construct validity is experimental bias. It is possible that raters
and/or participants introduce expectation biases into the study. It is possible that responses to the
TR survey, the Stay Independent Brochure, or the Fall History Questionnaire were not reflective
of the true perspectives or histories of participants. That being said, a Hawthorne effect cannot be
completely ruled-out. Because raters were volunteers, the primary investigator was actively
soliciting volunteer participants, and many participants may have wanted to volunteer because
this investigation was affiliated with a medical university, for example, it is possible that
research participants did not present natural behaviors. It is possible that participants responded
more favorably to surveys based upon enthusiasm projected by raters or observed interactions
between other participants and raters. Favorable biases including passive gestures, smiles, and
appearance could have influenced study outcomes. Additionally, regardless of participant
performance, the lead telerehab rater would consistently say, “good job” or “great job” to
participants following their participation in individual tests. Lastly, likeability of raters or the
primary investigator for the positive or the negative could also have projected bias into
participant feedback.
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Threats to External Validity
External validity refers to the extent to which the results of an investigation can be
generalized beyond the internal specifications of the participant sample and experimental
situation, whereas internal validity is concerned with the relationship between independent and
dependent variables within specific contexts of data collection.37 Although the sample size was
relatively small and focused to a convenience demographic available in the northwestern and
northern suburbs of Phoenix, Arizona, this study was initially thought to have favorable external
validity. Descriptive statistics indicate a lot of similarities between the sampled population and
the general community-dwelling older adult population represented in the literature. However,
the high incidence of fall rates since turning 65 and in the prior 12-months indicate that the
sampled population may not be representative of a broader population of older adults. For
example, it is well-know that at least one in three adults fall when reaching age 65 and the
incidence and risk of falls increase with increasing age and prior history of falls.36 The mean age
was 74.6 for the experimental group and 76 for the control group. However, approximately 74%
of the intervention group and approximately 66% of the control group reported falling at least
one time since reaching age 65. The incidence of prior falls in the sampled population was much
higher in the sampled population than what CDC statistics project (33%). Despite the elevated
fall histories, statistically insignificant differences were calculated with gender among
experimental (51% female) and control (62% female) groups, the use of assistive walking
devices between experimental (21%) and control (18%) groups, 12-month emergent care use
between experimental (18%) and control (13%) groups, prior fall-related fractures between
experimental (15%) and control (16%) groups, and 6-month medication change occurrences
between experimental (28%) and control (36%) groups (Table 2). Despite this population-
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matched data for each group, this investigation employed non-probability sampling methods
which limits the ability to generalize baseline and outcome survey data to reflect the attitudes
and beliefs of all older adults in the United States. It is also possible that the sampled population
had reporting limitations due to the contrast in self-reported overall fall history with the CDC’s
national rates of fall incidence. Reporting error and/or the unique characteristics of this sampled
population possibly contributed to the lack of sensitivity of fall screening tools classifying
retrospective or predicting prospective falls. In essence, the large percentage of participants with
prior falls inhibited fall screening tests from discriminating fallers from non-fallers. This
investigation did not control for safety awareness or recreational activities such as hiking or
IADLs such as high impact activities like cleaning floors or landscaping that may have
predisposed this convenience sample to higher fall rate incidence as compared to the CDC
incidence projections.
Although participants were not asked to provide detailed demographic data on race,
culture, or creed, for example, the majority of participants in the control and intervention groups
were Caucasian with English as their preferred language. While diversity of participants are only
as diverse as the pool of volunteers who responded to recruitment flyers, presentation, and word
of mouth advertising, the Phoenix metropolitan area is considered a “melting pot” rich with
many cultural influences including but not limited to Mexican Hispanic and French Canadian
cultures, as well as permanent and seasonal residents who did not consider Arizona home until
older adulthood. It is notable that one female in the experimental group (n = 39) self-identified
herself as a practicing Muslim during pre-investigation question and answer conversations.
These examples indicate that TR survey results from this investigation may be somewhat
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reflective of attitudes and beliefs about TR in other regions of North America. Limits to external
validity and generalizability are further discussed in the discussion of delimitations below.
Threats to Internal Validity
Several sources state that threats to internal validity are likely present in every
experiment to some degree. Potential threats to internal validity are as follows: history,
maturation, attrition, testing, instrumentation, and regression to the mean. History refers to any
confounding effects of specific events, other than the experimental treatment, that may have
occurred after the introduction of the test variable between a pre-test and a post-test.37 History is
a potential strong threat to the post-test survey results of the control group. On average, there was
a 1-month length of time period between pre-testing and follow-up post-testing of the survey
instrument. During this time, members of the control group could have searched the internet
about related topics or spoke to other members of the intervention group such as friends or
spouses, thus having outside influences affect their post-test feedback. Control and experiment
group members all gained baseline knowledge of this investigation’s purpose and general
framework through initial face-to-face or phone conversations with the primary investigator.
Therefore, history effects from conversation and independent inquiries about falls, technology,
physical therapy, and/or television or newspaper current events could also have influenced pretest survey outcomes. It is impossible to determine whether the impact of history had a negative
or positive bias on survey outcomes based upon the current dataset. Because there was an
immediate completion of the post-test survey with the experimental (telerehab) protocol, history
threats were much less likely to have affected study outcomes from this group.
The second potential threat to internal validity is maturation. Maturation includes
processes that occur simply as a function of the passage of time and are independent of external
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events. Maturation may cause participants to respond differently on second and subsequent
measurements because they have grown more experienced, older, stronger or weaker, healthier
or sicker, tired, or bored, for example.37 Similar to history effects, post-test responses from the
control group could have been affected by maturation whereas the experimental group was better
insulated from the effects of maturation because of the immediate, same-day post-testing
methodology that followed the fall screening testing. Maturation could also have been a barrier
with experimental group participants as they progressed through several fall screening tests as
there was overlap among test constructs. For example, gait efficiency and quality all relate to
successful TUG, 4MWT, and POMA-G outcomes, and participation in one could have assisted a
participant to mature and prepare for subsequent tests and measures. To the contrary, a repeated
measures design (i.e. two trials of each test) could have induced fatigue, thus creating an adverse
maturation effect on validity calculations.
Attrition or experimental mortality is the third potential threat to internal validity. This
threat was actualized in the control group with only 40 of 45 post-test survey results secured.
There was an imbalance between experimental (n = 39) and control groups (n = 45) because of
attrition that occurred between participant recruitment and data collection (i.e. potential
participants cancelled or did not show up for their research appointments). Although the fiveparticipant attrition during post-testing of the control group did not create a significant impact on
data analysis when comparing the two groups, this attrition may have impacted outcomes of the
TR survey particularly if the lost participants represented more extreme viewpoints about or
experiences with technology. Of the thirty-nine members of the experimental group, only thirtysix returned 6-month post-investigation phone calls inquiring about prospective fall incidence.
This 3-participant attrition may have had a statistical impact in calculating sensitivity and
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specificity of the screening tools predicting prospective falls. It is notable that the investigator
stopped trying to contact the participant after three separate date attempts to reach them by
phone.
The next potential threat to internal validity is testing. Testing effects refer to the
potential effect that pretesting and/or repeated measures testing has on a dependent variable.
Testing effects can result in improved performance or increased skill that occurs as a result of
familiarity with or practicing a measurement or construct.37 At its purest most foundational threat
level, testing effects occur with the mere act of collecting data. Because 10 separate fall
screening tests were performed in one single day of data collection, it is impossible to rule out
carryover effects on screening tool outcomes. While this would not impact reliability data
examining inter-environment agreement, it may have impacted receiver operating characteristic
curves, sensitivity, specificity, and likelihood ratio results. Similar to maturation effects, it is a
possibility that testing effects may have induced a positive practice effect or induced a negative
performance effect related to fatigue from participating in nine different telerehab screening
tools, some of which required multiple trials as well as the face-to-face Mini-BEST, a tenth test,
on the same day (Figure 2). To a lesser degree, it is possible that testing effects could have
influenced control and experimental group survey post-tests. It is possible that participant
confidence was impacted by perceived performance during fall screening testing, and therefore,
carried over to post-test survey responses. In addition to the battery of balance and mobility tests
methodologically required of the experimental group, it is possible that participants practiced
their “balance” prior to their research appointment knowing that this investigation involved “fall
risks” of older adults. Outcomes of receiver operator characteristic curves revealed a lack of
predictive ability of the TUG, 30STS, and FRT, for example, despite a positive history of self-
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reported falls since age 65. These statistical findings support concerns that some participants may
have practiced balance activities prior to our testing and/or benefited from practice or testing
effects from a repeated measures design, and therefore, influenced this study’s validity
conclusions.124,148
Another potential threat also related to testing pertains to the completion of the TR survey
instrument. A cursory review of pre- and post-test survey scoring did reveal participants
answering more favorably towards “strongly agree (7)” or “strongly disagree (0)” among most
pre-test surveys. As described in the recommendation section, there may have been some pre-test
response testing bias associated with more consistently extreme high or low scores using the 0-7
Likert scales. For reasons unknown, participants who scored more towards either end of the
Likert scale on the first few constructs tended to have higher or lower composite scores
consistently through the remaining survey construct sections. According to this testing effects
theory, the net effect of administering post-tests to examine research question 1 (What effect does
exposure to a telerehabilitation delivery system have on underlying attitudes and beliefs of older
adults about the perceived usefulness of this healthcare delivery option?) could be either an
enhanced variation from pre-test scores or a lack of effect due to chance essentially creating the
potential for statistical error.37 It is possible that factors described in the history threat to internal
validity could have also contributed to a testing effect on post-test survey scores among
participants with majority negative (0) or positive (7) pre-test item scoring tendencies.
Another threat also related to testing is the method by which raters scored participant fall
screening tests. Testing is multi-faceted involving the provision of instructions, the interaction
between the clinician rater and the participant, and the actual measurement of time or distance,
for example. The four-rater model adopted for the simultaneous appraisal of participants under
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the direction of one lead telerehab rater prohibited all raters from completing the whole process
of test and measure. That said, calculation of the reliability of raters and environments was not a
true test of reliability but rather assessed the ability of three of the four raters to record
measurements. In other words, only one rater conducted a fall screening test while the other
raters passively measured performance.
The fifth potential threat to internal validity is the effect of instrumentation.
Instrumentation is related to the reliability of measurement. The accuracy and reliability of rater
agreement between face-to-face and telerehab environments was dependent on the bandwidth
strength, and therefore, quality of audio and visual data uploaded and downloaded to and from
the lead telehealth rater and the participant. Despite the methodologic control of having
information technology network and media staff (IT) available for support and trouble-shooting,
there lacks an ability to calibrate strength or speed of upload / download speed between
participant sessions or fall screening tests. Thus, there were occasions when pixilated video
images impeded or may have reduced the accuracy of rater observations. Unfortunately,
Midwestern University IT support was often unable to immediately fix video or audio
transmission challenges but rather connectivity seemed to improve over time. IT staff indicated
that network “traffic” was variable and, therefore, we should anticipate that upload and
download speeds would also be variable. This is despite a more secure, less public internet
“bridge” being in place as an added control measure. Raters did notice that pixilated audio-visual
data was more likely to be a barrier around 9am and through the lunch-time hours Monday
through Friday. Regardless, testing would proceed as scheduled and, despite this observation,
physical plant and human resource availability necessitated that data collection mostly be
scheduled during these predictably higher internet “traffic” timeframes. This intermittent
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instrumentation threat did, however, create a realistic, more clinical environment consistent with
community-based telerehabilitation barriers outlined in Chapter 1. Anticipating intermittent
bandwidth challenges, each telerehab rater was asked to individually rate each participant’s
session on a three-tiered scale:
1. Acceptable for clinical practice with minimal to no connectivity issues
2. Acceptable for clinical practice but frequent connectivity issues
3. Not acceptable for clinical practice due to connectivity issues
This feedback scale can be referenced on the last page of the rater script (Appendix E).
Intraclass correlation coefficient (ICC) analysis was used to examine interrater reliability and
agreement of each rater’s experience with the audio-video connection quality. ICC revealed an
87.3% agreement between all four rater roles (M = 1.08 to 1.13, SD = 0.27 to 0.34; Cronbach’s
alpha (38) = 0.873 p < 0.001). None of the raters scored any of the 39 participant sessions a “3”
indicating that each participant’s screening session was “acceptable for clinical practice” despite
intermittent connectivity issues. The lead TR rater, rater 1, scored five sessions a “2” with the
remaining 34 (87%) sessions a “1.” This is an important consideration because this was the lead
clinician providing all instructions for the TUG, 4MWT, POMA-G, 30STS, FRT, and the 4Stage Balance Tests. The lead face-to-face rater, rater 1, scored four sessions a “2” with the
remaining 35 (90%) sessions a “1”. Comparison of these two raters is important because they
were staffed consistently with the same rater for all 39 participants in the experimental group.
Furthermore, data from rater 1 for each environment was used in calculations of interenvironment reliability and validity calculations. TR rater 2 scored 36 (92%) of 39 sessions a “1”
and face-to-face rater 2 scored 35 (90%) of all sessions a “1.” This cumulative feedback from the
two telehealth and the two face-to-face rater roles that synchronously tested the feasibility of a
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telerehabilitation system as a fall screening modality is important to quantifying the effect, if
any, that instrumentation may have had on reliability and validity conclusions of this
investigation.
Lastly, instrumentation could have impacted the accuracy of inter-environment reliability
and validity calculations due to an approximate one second “tape delay” between the participant
and telerehab clinician. Furthermore, this one second delay could have negatively impacted
participant satisfaction reflected in the post-test telerehab survey. This delay was discovered
upon review of recorded sessions as the conclusion of the investigation. For example, an
approximate one second delay was observed between when the lead clinician said “go” and when
the participant commenced each fall screening test. The investigator was unable to consult IT
professionals about this potential threat to internal validity because it was not discovered during
the investigation and it was not anticipated as a potential barrier.
Regression to the mean does not appear to have impacted the internal validity of this
investigation.
Lastly, the risk of multiple group threats to internal validity was minimal due to
controlled data collection site, consistency of site layout, raters, registration staff, and
conversations between the primary investigator and prospective volunteers such as when
speaking to groups at senior citizen centers, for example. Furthermore, descriptive statistics and
ANOVA calculations confirm that, except for prior fall history, both groups had insignificant
differences among independent variables such as gender, fracture history, and assistive device
use, for example. All participants registered, completed surveys, and participated in fall
screening tests at Midwestern University’s Wellness and Recreation Center that houses the
Physical Therapy Program’s research laboratory and a separate room of sufficient square feet
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and equipment to prevent raters who were participating in the telerehab trials from
communicating with raters conducting the Mini-BEST testing. Separate data collection and
registration spaces also prevented participant and rater observations of participant performance.
Any group presentations or individual conversations for purposes of recruitment were provided
by one person, the primary investigator. All registration paperwork including informed consent
and pre-test survey completion were consistently handled by the same person. This
investigation’s design included a control group and was, therefore, able to account for selection
threats to internal validity though random assignment to control and intervention groups.
Furthermore, the statistical analysis of covariance was able to account for any potential group
differences.37
Limitations and Delimitations
In follow-up to discussion about this study’s potential threats to internal and external
validity, this investigation has several limitations and delimitations. Limitations are mostly
beyond the investigator’s control whereas delimitations are factors that were within the
investigator’s control. Limitations of this study include the population sampled, location of the
investigation, and the method and connectivity by which data is being transmitted over the
internet. Although the target population for this study are community-dwelling older adults that
reside in urban and rural settings who may not receive formal fall screening examinations until
after an injurious fall occurs, several factors prohibit the investigator from directly sampling this
broad population directly in their communities. First, rural settings are two to three hours from
the Phoenix metropolitan area. Sampling older adults who reside in rural settings would be cost
and time prohibitive to both the participants and the investigator. No transportation resources or
funding was available for participant travel time or expenses. As described earlier in Chapter 3,
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sampling by purposive methods was a more practical way to overcome these cost, time, and
geographic barriers.
The most significant barrier to directly sampling this study’s target population within
their primary residences or community centers was internet connectivity. The internet is a
fundamental assumption to the provision of any telehealth service and is required for real-time or
store-and-forward methods of data transmission. This particular investigation was more
susceptible to the limitations of the internet because remote raters were conducting fall screening
assessments in real-time rather than the video-taping and follow-up review method that many
telerehab publications employ. Even if the internet is available in a senior citizen center, for
example, the quality, security, and strength of the audio-video connections are somewhat outside
the control of the primary investigator and his information technology support team, and
financial resources were not available to better control these factors. Furthermore, the internet
connection used for this investigation was connected to a secure “bridge” provided by a thirdparty business associate of the University to maximize connectivity and privacy. The end result
of inconsistent or poor internet connectivity would be challenges with upload and download
speeds that would create distorted images (“pixilation) incompatible with meaningful
information exchange. Shaw et al highlighted these specific bandwidth limitations in a
community-based pilot study rooted in Glendale, Arizona.11 Chapters 1 and 2 explain that
publicly available internet connectivity has been reported to be insufficient to produce a reliable
connection that transmits real-time voice and video data involving movement.11,67 Despite
enhanced availability of 4G signals, cellular networks have inconsistent bandwidth coverage and
internet “traffic” demands making wireless cellular connections unreliable.11 Additionally, the
United States’ telecommunications infrastructure does not yet have fiber-optic lines available to
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the majority of urban or rural settings, making wired internet connections also unreliable.
Therefore, the investigator opted to conduct this investigation in a controlled environment where
a 3rd party company was available to maximize security and available bandwidth. The benefits of
this bridge was enhancement of upload and download speeds as to promote better reliability of
real-time video data transmission. As mentioned above, this bridge is a dedicated internet line
which enhances the security of PHI transmission and shields this study’s internet connection
from some of the competing bandwidth usage demands from local internet “traffic.” Although
the investigator implemented safeguards to maximize the reliability and clarity of the audiovisual connection, internet connectivity in general was a limitation rather than a delimitation
because many factors associated with connectivity were outside of the investigator’s control.
Other study limitations that could have impacted the outcomes of this study include
participant and physical therapist rater: 1) attrition due to illness, availability, or transportation
barriers, 2) prior experiences and history with physical therapy including non-standardized
methods of administering fall screening tools, and healthcare outcomes from friends or relatives
who may have experienced falls, physical therapy, etc., 3) pre-existing biases about the
integration of telecommunications technologies into healthcare delivery including observed
adoption of electronic health records and possibly the influence of “computer” use by their
personal physicians, 4) prior unreported experiences with telemedicine from any healthcare
discipline, and 5) any negative effects of nature such as regional storms or wind that may impact
the consistent connectivity phone or internet required to administer this study. The investigator
attempted to schedule an alternate physical therapist rater and recruited 10% more older adults
than the projected need based upon a priori power analyses in the event of unexpected illness or
transportation issues, for example. There were several participants who were scheduled data
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collection appointments, but unknown reasons precluded volunteers from attending investigation
dates, from completing post-test surveys, or from returning phone calls about surveys or
prospective incidence of falls.
The investigator attempted to screen for individuals whose extreme or biased
experiences, as either a patient or provider of physical therapy, may have introduced
confounding variables into the outcomes of this investigation. The investigator, however, was
cautious as to not introduce selection bias delimitations into purposive sampling methods. The
execution of the IRB-approved informed consent and the inclusion and exclusion criteria also
assisted with sampling of participants who best met the stated purposes of this investigation.
Lastly, the lack of fully developed fall risk cut-off scores among community-dwelling
older adults on the Mini-BEST may have impacted validity calculation and outcomes from
research question 2. As previously described, age-related normative scores established for each
decade of the lifespan were used as a basis for determining fall risk and with comparisons with
fall risk conclusions from the STEADI algorithm rather than true cut-off values.
In addition to the limitations outlined above, this investigation had several delimitations.
Delimitations are factors that are within the investigator’s control. Although the establishment of
numerous delimitations can impact the generalizability of this study, their purposes are to narrow
the focus of the study as to ensure concise testing of stated hypotheses. This study’s delimitations
include 1) inclusion and exclusion criteria, 2) sampling methodologies, 3) use of a safety
assistant during administration of the fall screening test, and 4) the dependent variables
(screening tool outcomes) selected to evaluate the inter-environment agreement among
independent variables (remote vs. face-to-face), 5) methods by which the telerehabilitation
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survey was validated for content including experiences from expert panelists, 6) the location
where the investigation was conducted, and 7) the use of student raters.
Inclusion and exclusion criteria were established to sample older adults who are at an
elevated risk of falls by being age 65 or older. Selected exclusion criteria narrowed the eligible
sample population by discriminating against individuals with neurologic, cognitive/intellectual,
or advance pulmonary disorders. While these delimitations served to minimize the risk of
confounding variables and promote the safety of the participants, older adults who have
neurologic or cognitive/intellectual impairment, and/or are oxygen dependent, for example, also
reside in homes, apartments, and congregate living arrangements such as group homes.
Therefore, older adults with these conditions can still be classified as community-dwelling older
adults. Because individuals with certain health conditions or recent hospitalizations were not
included in this study, results from the TR survey and validity conclusions including correlations
and predictive abilities of screening tests with independent variables such as fall and fracture
histories may have been different had the sampled population included participants with a
broader scope of health conditions and recent illnesses.
Although randomization of assignment to control or experimental groups occurred,
recruitment was one of convenience based upon volunteers who contacted the investigator.
While a purposive convenience sampling is also defendable based upon the CDC’s aging
statistics and this demographic’s inherent fall risks, it is also potentially limiting in that
participants were mostly local to the Phoenix metropolitan area. Attitudes and preferences
towards technology and healthcare preferences are often influenced by prior experiences and
observations from within one’s local community. As highlighted previously, an end-user’s
attitude towards technology is likely to be more positive if the individual or group feels it is a
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priority and they identify a need.108,207,208 Volunteers may have felt a greater affinity towards
technology to access a physical therapist because this study attracted participants with higher fall
rates than CDC statistical reports. It is also well-established in the literature that computer use in
older adults is influenced by educational level, and therefore, socioeconomic status.116 Since
these factors were not controlled for, they may have impacted the TR survey results. Some
participants disclosed having residency in other parts of the United States and Canada, and this
could potentially aid the generalizability of results from this investigation. To the contrary, the
sampled population is not likely generalizable to older adults who reside in rural and/or
medically underserved regions of the U.S. As was addressed in the section that discusses threats
to internal validity, sampling from local senior centers and religious congregations, for example,
allowed the potential for participants to talk about their experiences and technology preferences
since some participants did know each other. There was no way to completely control for interparticipant discussions prior to or after their pre-test involvement with this study.
The use of a “safety assistant” with all telerehab screening tests had strengths and
limitations with regards to the external validity of this study. Strengths are represented in how
the outcomes of this study may initially impact clinical practice. The investigator envisions
scenarios where an able-bodied informal caregiver facilitates a telehealth connection with a
remote physical therapist while dually serving as the client’s “safety assistant.” As previously
described, a family member, friend, or community representative (senior center activities
coordinator or religious clergy person, for example) could serve the role of a “safety assistant.”
Admittedly, the safety assistant utilized throughout this investigation was likely better trained
than the examples above. This safety assistant was a physical therapy student trained in proper
guarding techniques and was familiar with all the screening tests conducted. Furthermore, the
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safety assistant was a six-foot-tall male whose presence may have indirectly influenced
participant performance during fall risk testing and satisfaction levels expressed on post-test
surveys. However, it is notable that the same safety assistant served all 39 experimental group
participant sessions. Therefore, it can be said that the same influence of the safety assistant,
whether positive or negative, was conveyed to all members of the experimental group. It is also
notable that the presence of a trained safety assistance was integral to internal review board
(IRB) approval and the overall risk management for this grass-roots investigation. As was the
case with this study and in clinical practice, safety of participants is paramount above all other
factors. Healthcare providers need to exercise sound professional judgement with determining
the competence and ability of a remote client’s safety assistant when integrating
telerehabilitation into their practice. Of note, Russell et al have also utilized safety assistants who
possess formal medical training.196
The process of content validation of a survey instrument is dependent upon the quality of
feedback by an expert panel. Although reference articles foundational to technology acceptance
models from were provided, the investigator did not measure the depth or quality of their
understanding of the relevant literature base and theoretical framework rooted in the seven
survey constructs. Further, feedback on items related to the seven major constructs could have
been biased based upon the past experiences or preferences not disclosed to the primary
investigator. In fact, feedback from one panelist specifically mentioned prior experiences with
family. For example, this panel member stated, “I am trying to look at this as my father would,”
during their first review. Lawshe’s content validation formulas were limited in usefulness, in
part, because the panel of experts was assembled based upon employment experience in the
fields of healthcare and information technology/media productions but not based upon academic
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subject matter expertise with the theories of technology acceptance and end-user technology
adoption. Had Lawshe’s recommended minimum target CVR value of 0.75 be held to its strictest
statistical interpretation, three of the seven construct categories and 28 out of the 33 survey items
would have been eliminated (Figure 6). The lack of practicality of Lawshe’s content validation
formulas was an unanticipated limitation on survey development. Therefore, the vast majority of
all TR survey items were edited and kept in the final survey version rather than deleting items
based upon the content validity index methodologies.
The location of this investigation is another delimitation to this investigation’s external
validity. As previously discussed, internet reliability and, therefore, location is also a limitation.
The investigator’s decision to conduct this investigation in a consistent, controlled setting was
based upon personal experiences and reports from Shaw et al who cited inconsistent transmission
of voice and video quality in urban areas of Phoenix, Arizona.11,67 Because movement-based
observations are essential to many of the nine selected fall screening tools included in this
investigation, the decision to control for the type and location of the internet connection was
made in an effort to avoid type II errors (false negatives). Furthermore, variability in
environments may have ultimately influenced participant experiences and, ultimately, the
outcomes of the TR surveys. Future studies need to be tested in urban and rural communities to
enhance the external validity of this investigation’s results.
Another potential delimitation is the use of inexperienced clinicians as raters. Although
all telehealth and face-to-face raters received extensive training from an experienced clinician,
there is the possibility that their inexperience with test implementation such as timing during
single-limb or tandem stance tests, or with distinguishing gait quality characteristics scoring the
POMA-G, for example, could have impacted outcomes to validity calculations. The FRT, TUG,
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4MWT, 30STS, and tandem stance all have dichotomous cut-off classifications. Therefore,
testing errors in scoring by a point or timing by less than a second could have impacted validity
conclusions. Although the investigator endeavored to have at least one experienced clinician on
each two-member rater team, coordinating human and environmental resources for volunteer
raters over several months of data collection became a limitation. However, there is precedent in
the telerehabilitation literature established by Russell for the use of Doctor of Physical Therapy
(DPT) students as research raters. In addition to student DPT raters, Russell et al have also
utilized student occupational therapists with data collection.196 Nonetheless, each DPT student
rater had prior patient care experience as each had already completed one full-time clinical
rotation in the second year of their curriculum. To accomplish its purpose of providing annual
fall screening to older adults and to promote more consistent communication about fall history
and risks, the STEADI algorithm was designed to be implemented by a variety of healthcare
professionals. That said, third year DPT students have more advanced and specialized training in
the administration of fall risk screening tools than most staff at physician offices and
occupational therapists, for example.
In summary, many of this study’s limitations and delimitations interface because of the
need for a reliable and secure method of transmitting real-time audio and video data. Despite the
potential shortcomings outlined above, this research is a vital step towards the attainment of
higher-reaching initiatives aimed at producing a more sustainable healthcare model here in the
U.S. Accessibility to and cost-effectiveness of screening and preventative activities such as fall
initiatives modeled by this grass-roots investigation could assist with enhancing the sustainability
of the Medicare benefit, for example. While accessibility, cost-effectiveness, quality, and
consumer/provider satisfaction require focused subsequent investigations, the accessibility to
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more frequent and structured, reliable, and valid fall screening interventions may reduce fall
incidence and fracture-related costs among older adults. Furthermore, conclusions from this
study may provide the impetus to additional research in the field of telerehabilitation aimed at
improving health disparities that exist among geographically displaced and/or medically
underserved populations.
Investigation Summary
The purpose of this study was to explore the acceptability, feasibility, reliability, and
validity of telehealth-delivered fall risk and mobility screening in an older adult population. The
impetus for this investigation is two-fold: 1) preventing elderly falls, and 2) examining the use of
synchronous telehealth in an older adult population. To the first point, falls among the elderly
have become a national and international public health crisis. The Centers for Disease Control
and Prevention indicates that falls are the “leading cause of injury death and the most common
cause of nonfatal injuries and hospital admission for trauma among people ages 65 and older.”1
To that end, falls also have significant economic consequences to the individual and payer
sources. Each year, the U.S. spends billions of dollars treating the sequelae of injurious falls, and
costs will continue to escalate as the elderly population reaches approximately 80 million by the
year 2050.18 Despite legislative initiatives, the U.S. continues to lack a sustainable model for the
provision of cost-effective healthcare services to older adults. To address the disability and
financial consequences of elderly falls, telerehabilitation was hypothesized to be a suitable
supplement to existing fall screening and prevention efforts. Telerehabilitation is theoretically
more cost-effective than face-to-face traditional healthcare because of the lack of indirect
overhead expenses needed to deliver the care, and it has the potential to improve access for
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people who reside in medically underserved areas. Several sources, however, conclude that
support for telerehab by a physical therapist remains underdeveloped in the literature.
Due in part to a multitude of legislative and technology barriers, the concept of
telerehabilitation has not been fully integrated into physical therapy practice. In addition to
addressing these barriers and better understanding the acceptability of telerehabilitation by older
adults, additional research is needed to address the sparsity of randomized equivalency trials
available for clinicians. In essence, the question of whether or not remote fall screening is
inferior to traditional face-to-face care was in need of additional investigation. Working towards
that end, the following problem statements and hypotheses served as a foundation to this
investigation.
Problem Statements
1. While telehealth delivery systems have demonstrated the potential to assist with the
screening for and the prevention of elderly falls, its validity and reliability in doing so has
not yet been established.
2. While telehealth may be an option for some individuals, little was known about the
attitudes and beliefs of older adults with regard to receiving telecommunications-aided
healthcare services and whether or not those attitudes and beliefs were influenced by a
telerehab experience. Older adults, as end users, may not be receptive to the use of realtime telehealth delivery systems.
3. Each year, the U.S. spends billions of dollars treating the sequelae of injurious falls, and
the U.S. lacks a sustainable model for the provision of cost-effective healthcare services
to older adults. Telehealth services may provide solutions to this, but research-based
supportive evidence is lacking.

212

Hypotheses (Null)
1. There is no difference in attitudes and beliefs of older adults exposed to this
investigation’s real-time telerehabilitation application and older adults in the control
group.
2. Conclusions from the remote STEADI fall risk screening tool will not be equivalent to
conclusions from the face-to-face Mini-BEST fall screening tool.
3. Remote scoring and fall risk categorization of the Timed Up and Go (TUG) Test, 30second Chair Rise, 4 Four-Stage Balance, Performance-Oriented Mobility Assessment
Gait (POMA-G) Tool, 4- meter Walk Test, Functional Reach Test, and STEADI
algorithm will not be equivalent to face-to-face raters.

This investigation implemented experimental, quantitative, and cross-sectional
frameworks employing both pretest-posttest control group and quasi-experimental static group
comparison designs using non-probability sampling methods. This investigation was the first of
its kind to use synchronous telehealth applications to appraise elderly fall risks and measure the
perceived usefulness of a telerehabilitation delivery system among community-dwelling older
adults. This study assembled a panel of experts to content validate a survey tool developed to
quantify an older adult’s behavioral intention to use and their attitudes towards a
telerehabilitation delivery system. The experimental component of this investigation compared
two groups with the intervention group completing the survey before and after a
telerehabilitation experience that focused on fall risk screening. The experimental portion of this
study addressed hypothesis 1. The control group was not exposed to a telerehab delivery system
and did not participated in fall risk screening. This investigation carefully selected existing
screening tools that were hypothesized to be safe and feasible for remote implementation.
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Instructions for all nine screening tools were provided by a remote rater through a laptop
computer and webcam. To date, no other published telerehabilitation studies had the remote rater
provide the instructions and serve as the lead clinician while simultaneously scoring each test in
real-time.
The quasi-experimental component of this investigation addressed hypotheses 2 and 3.
The standing Functional Reach Test (FRT), Timed Up and Go Test (TUG), 30-second Chair Rise
(30STS) Test, 4-Stage Balance Tests (single limb, tandem, narrow stride, and narrow stance),
Performance-Oriented Mobility Assessment Tinetti Gait (POMA-G) Test, 4-meter Walk Test (4
MWT) for the calculation of self-selected gait speed, and Stopping Elderly Accidents, Deaths &
Injuries (STEADI) algorithm were all investigated for agreement among remote and face-to-face
raters, and for comparison with the reference standard of face-to-face fall risk screening tool, the
Mini-BEST.
Results indicate that a telerehabilitation delivery system is a reliable, equivalently valid
method of screening and determining fall risk and fall incidence in community dwelling older
adults. This study produced a content validated, internally consistent survey instrument designed
to determine attitudes and beliefs about telerehabilitation. An experimental design was able to
demonstrate a positive significant change in four out of seven survey constructs among the
intervention group after exposure to telerehabilitation as compared to post-test controls. Overall,
no significant difference was calculated between face-to-face or telerehab raters, and both
environments produced equivalency with scoring, fall risk classification, and ability to discern
fallers from non-fallers. Good to excellent interrater and interenvironment reliability was
calculated for all screening tools. Results from the telerehab STEADI fall risk conclusions were
calculated to be concurrently valid with the face-to-face reference standard screening tool, the
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Mini-BEST. Lastly, results from receiver operating characteristic curves, sensitivity, specificity,
and likelihood ratio calculations were equivalent among remote and face-to-face raters with this
sampled population.
Conclusions from statistical analysis refuted all three null hypotheses in favor of
accepting the following alternative hypotheses:
1. Participation in a real-time telerehab application will influence an older adult’s attitudes
and beliefs about the perceived usefulness of this healthcare delivery option when
compared to a control group.
2. Fall risk conclusions from remote raters implementing the STEADI will be equivalent to
fall risk conclusions from face-to-face raters implementing the Mini-BEST.
3. Remote scoring and fall risk categorization of the FRT, TUG, 30STS, Four-Stage
Balance, POMA-G, 4MWT, and STEADI algorithm will be equivalent to face-to-face
raters.

Understanding factors that drive end-user adoption of internet-hosted healthcare is
critically important to develop services and allocate resources to meet to wellness and costrelated needs of older adults and relevant stakeholders. Clinical decisions related to a
telerehabilitation delivery system must be based upon research that is reliable, valid, and
acceptable to the care recipients. It is imperative that the same deliberate decision-making
process and evidenced-based guidance that occurs with face-to-face decisions also occur with the
decision to employ a telerehabilitation delivery system. Whether face-to-face or through
telehealth, healthcare providers need methods to consistently and accurately discriminate fallers
from non-fallers. This investigation hit all of these needs and endeavored to expand the array of
remote healthcare delivery options for clinicians and clients.
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Appendix A: Technology Acceptance Model’s Pre- and Post-Test Questions
Table 4.2 Perceived Usefulness Item Pools (Davis)
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Item Wording
My job would be difficult to perform without electronic mail.
Using electronic mail gives me greater control over my work.
Using electronic mail improves my job performance.
The electronic mail system addresses my job-related needs.
Using electronic mail saves me time.
Electronic mail enables me to accomplish tasks more quickly.
Electronic mail supports critical aspects of my job.
Using electronic mail allows me to accomplish more work than would otherwise be
possible.
Using electronic mail reduces the time I spend on unproductive activities.
Using electronic mail enhances my effectiveness on the job.
Using electronic mail improves the quality of the work I do.
Using electronic mail increases my productivity.
Using electronic mail makes it easier to do my job.
Overall, I find the electronic mail system useful in my job.

Table 4.3 Perceived Ease of Use Item Pools
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Item Wording
I often become confused when I use the electronic mail system.
I make errors frequently when using electronic mail.
Interacting with the electronic mail system is often frustrating.
I need to consult the user manual often when using electronic mail.
Interacting with the electronic mail system requires a lot of my mental effort.
I find it easy to recover from errors encountered while using electronic mail.
The electronic mail system is rigid and inflexible to interact with.
I find it easy to get the electronic mail system to do what I want it to do.
The electronic mail system often behaves in unexpected ways.
I find it cumbersome to use the electronic mail system.
My interaction with the electronic mail system is easy for me to understand.
It is easy for me to remember how to perform tasks using the electronic mail system.
The electronic mail system provides helpful guidance in performing tasks.
Overall, I find the electronic mail system easy to use.

216

Appendix B: Algorithm for Fall Risk Assessment & Interventions
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Appendix C: IRB Approval Letters
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Appendix D: Fall History Questionnaire
Please answer the following questions to the best of your abilities. If you are unsure of
some answers, please ask for help from a trusted caregiver, family member, or healthcare
provider.
YOUR NAME: _________________________________

DOB: ______________________

PRIMARY RESIDENCE:  House  Apartment  Assisted Living  Group Home
PRIMARY CARE DOCTOR: __________________________Phone Number: __________________
How many times have you fallen since
turning age 65?




0
1
1-3

How frequent do you fall?




 3-5
 5+

How many times have you fallen in the past
12 months?



0
1
 1-3

Daily
Weekly
Monthly

How many of these falls resulted in you
seeking emergent medical care?

 3-5
 5+




Where have you fallen? (check all that apply)


Where I live / at home





Yes
 No

During the Day
During the Night

 In the Community

Please check any walking aides that you use
on a regular basis: (check all that apply)

How long have you used a walking aid?



< 1 year
1-3 years
 3-5 years

Straight Cane
Four legged/Quad Cane
Walker with NO Wheels
Walker with 2 Front Wheels
Walker with 4 Wheels
Crutches
Other: _________________________

 5+ years
 not applicable

Have you had any medication changes in
the past 6 months?


Yes
 No

If you use a walking aide, was this prescribed
by a healthcare professional?



 3-5
 5+

0
1
 1-3

Has a fall ever resulted in a broken bone or
required surgery?









 Yearly
 I have never fallen

Number of times you have been admitted
to the hospital in the past 12 months:



Yes
No

0
1
 1-3
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 3-5
 5+

Have you ever had a visiting nurse or
therapist(s) treat you in your primary
residence for any health-related
conditions?

If yes, who prescribed this device for you?




Physical Therapist
Physician
Other: ________________________



Yes
 No
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Appendix E: Standardized Rater Forms
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Appendix F: Instructions to Panel of Experts for Survey Content Validation

Background Information: Thank-you for agreeing to assist me with the development of this
survey instrument! The development of this survey was a unique contribution to the literature.
By agreeing to participate, you agree to keep all information confidential and acknowledge that
the initial and any subsequent drafts including the final survey tool are the intellectual property
of Robert W. Nithman. Unfortunately, there was no compensation for your assistance but I was
forever grateful for you sharing your time and expertise! With your permission, however, I will
acknowledge you by listing your name when this questionnaire was disseminated.
Please type &/or sign your name acknowledging your acceptance of these conditions.

_________________________________________________
NAME /SIGNATURE

________________
DATE

Study Purpose: My goal was two-fold: 1) to quantify the behavioral intention of older adults to
use technology applications and 2) to measure the impact of a telerehabilitation experience on
baseline attitudes and beliefs of older adults towards technology. The theoretical foundation of
this survey was based upon the Technology Acceptance Model (TAM): “Perceived Usefulness,
Perceived Ease of Use, and User Acceptance of Information Technology” (Davis, 1989).
Because I am not building a telehealth software application, my research was focused mainly on
perceived usefulness and attitudes towards telerehabilitation rather than perceived ease of use.
As background information to you, there lacks an existing survey instrument to adopt/”borrow”
for some of my broader PhD work; existing surveys in the telehealth/telemedicine literature
could possibly be modified but they lack methodologic rigor for me to use as a foundation for
my research.

Definitions: Telehealth was the use of computerized videoconferencing systems transmitted
over the internet for purposes related to connecting medical professionals with potential or actual
patient/clients. Telerehabilitation was similar to telehealth but uses videoconferencing systems
for rehabilitation services. Physical therapy was one example of a rehabilitation service.

Timelines/dates: Please complete each review within 7 days of receiving each iteration ☺. Once
feedback from all reviewers was received from draft 1, I will compile all information and email

237

draft 2 for your review and comment. Your time commitment will not exceed one month and it
was limited to reviewing no more than 2 drafts of this survey.
Your Tasks:
Review #1
1) Familiarize yourself with each of the seven constructs.
• I have provided operational definitions for each construct as well as
supportive articles representing the theoretical framework of an
individual’s behavioral intention to use a technology system.
2) Review each item for relevance to each construct.
3) Add, edit, move, or delete any items for clarity, consistency, etc. (in track changes
within the document -or- hand written).
4) Review the description of the Likert scale for relevance to its corresponding
construct. For example, was the description range “not useful” to “very useful” –
or- “disagree” to “strongly agree” more appropriate for a section?
• Please note that the 0-7 scale will not change – I have adopted it due to its
use in other technology acceptance publications.
Review #2
1) Repeat the above steps as appropriate.
2) Label each item as “essential,” “useful but not essential,” or “not necessary” to
the performance of each construct.
Please email me each review – however, if you need to fax, please let me know and I will
provide my fax number. IF YOU HAVE ANY QUESTIONS ALONG THE WAY, please don’t
hesitate to call or text me day or evening. My cell was (412) 901-9944.
THANK-YOU in advance for your time and efforts!!!
Bob

SURVEY DRAFT 1
(emailed to panel of experts)
CONSTRUCT 1
Performance Expectancy / Perceived Usefulness – the degree to which an individual believes that
using the system will help him or her attain gains / can improve one’s quality of life. (Cimperman,
2013); …enhance his or her performance (Davis, 1989; Venkatesh, 2003); …extent which the person
feels the technology will assist them. (Wade, 2012)
Telerehabilitation could be a
convenient way to access a physical
therapist.

not useful
0
1
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2

3

4

5

6

very useful
7

not useful
0
1

2

3

4

5

6

very useful
7

Telerehabilitation could help to
better understand my risk of falling.

not useful
0
1

2

3

4

5

6

very useful
7

Telerehabilitation will improve
access to regular testing of my
walking ability and balance. (Wade)

not useful
0
1

2

3

4

5

6

very useful
7

Using telerehabilitation equipment
will make it easier to do regular
testing. (Wade)

not useful
0
1

2

3

4

5

6

very useful
7

Using telerehabilitation will save
time in having regular testing.
(Wade)

not useful
0
1

2

3

4

5

6

very useful
7

I will find the telerehabilitation
equipment useful in my regular
testing. (Wade)

not useful
0
1

2

3

4

5

6

very useful
7

CONSTRUCT 2
Effort Expectancy – the degree to which a person believes that using a system would be free from
effort. (Venkatesh, 2003) The degree of ease associated with using the system. (Cimperman, 2013)
Use of a computer will improve
communication with my physical
therapist.
Telerehabilitation equipment was
easy to use. (Wade)

not useful
0
1

Learning to use the
telerehabilitation equipment was
easy for me. (Wade)

Little effort
0
1

2

3

My interaction with the
telerehabilitation equipment was
clear and understandable. (Wade)

not useful
0
1

2

3

It was easy for me to become skillful
at using the telerehabilitation
equipment. (Wade)

disagree
agree
0
1

Little effort
0
1
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2

2

3

3

4

very useful
7

5

6

5

significant effort
6
7

4

5

significant effort
6
7

4

5

6

4

very useful
7

strongly
2

3

4

5

6

7

DRAFT

Using a computer to access a
physical therapist was as good as
seeing them face-to-face.

How likely I would ask somebody I
know who already uses the system
for opinion and recommendations.
(Cimperman)

not likely
0
1

The opinion of my friends will
influence my intension to use a
computer to access a physical
therapist.
The opinion of my family will
influence my intension to use a
computer to access a physical
therapist.

not likely
0
1

2

3

4

not likely
0
1

2

3

The opinion of others will affect my
intension to use a computer to
assess my risk of falling.

not likely
0
1

2

3

2

3

6

very likely
7

5

6

very likely
7

4

5

6

very likely
7

4

5

6

very likely
7

4

5

CONSTRUCT 4
Facilitating Condition – the extent to which to which an individual believes that an infrastructure
exists to support use of the system; this includes technical support, price, and organizational support.
(Cimperman, 2013) The degree to which an innovation was perceived as being consistent with
existing values, needs, and experiences of potential adopters. (Venkatesh, 2003)
I believe the benefit of consistently
accessing a physical therapist
outweighs the cost of purchasing a
computer or tablet.

disagree
agree
0
1

I believe the benefit of consistently
accessing a physical therapist

disagree
agree
0
1
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strongly
2

3

4

5

6

7

strongly
2

3

4

5

6

7

DRAFT

CONSTRUCT 3
Social Influence – the degree to which an individual perceives that important others believe he or she
should use the system; the influence of important others on an older users’ decision to use home
telemedicine services (HTS). (Cimperman, 2013) The person’s perception that most people who are
important to him think he should or should not perform the behavior in question. (Venkatesh, 2003)

outweighs the cost of internet
service in my home.
I believe that technology
advancements are important to
meeting my healthcare needs.

not useful
0
1

I believe that any healthcare
provider who uses a computer with
their patients will also provide
technical support to me.

disagree
agree
0
1

2

3

4

5

6

very useful
7

strongly
2

3

4

5

6

7

Telerehabilitation could increase
the amount of one-on-one time
with my physical therapist.

not useful
0
1

Telerehabilitation could enhance
the security and confidentiality of
my conversations with my physical
therapist.

not useful
0
1

The internet can be secure if
healthcare providers take the
appropriate precautions.

disagree
agree
0
1

2

3

4

5

6

7

Telerehabilitation could be a
reliable method of accessing a
physical therapist.

not useful
0
1

2

3

4

5

6

very useful
7

Computer use improves the
accuracy of medical assessments.

not useful
0
1

6

very useful
7

2

2

3

3

4

4

5

5

6

very useful
7

6

very useful
7

strongly

2

3

4

5

CONSTRUCT 6
Computer Anxiety – a negative affective reaction toward computers such as an apprehension or fear
of using computers. (Cimperman, 2013) / Self-efficacy – the belief that one has the capability to
perform an action.(Cimperman, 2013)
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CONSTRUCT 5
Perceived Security – the level to which transacting with the system was perceived as secure, enabling
data integrity and reliability. (Cimperman, 2013)

My computer anxiety will reduce
once I get to know the
telerehabilitation therapist.

disagree
agree
0
1

Telerehabilitation was easy to learn
once instructions are provided.

disagree
agree
0
1

strongly
2

3

4

5

6

7
strongly

2

3

4

5

6

7

My physician(s) would recommend
telerehabilitation
My physician should recommend
telerehabilitation
The opinion of my physician(s)
would influence my intension to use
a computer to access a physical
therapist.
Overall, healthcare providers that I
trust value technology
advancements.

disagree
agree
0
1
disagree
agree
0
1
disagree
agree
0
1

disagree
agree
0
1
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strongly
2

3

4

5

6

7
strongly

2

3

4

5

6

7
strongly

2

3

4

5

6

7

strongly
2

3

4

5

6

7

DRAFT

CONSTRUCT 7
Physician’s Opinion – can be regarded as an expert power influence similar to the context of a
manager/employee, salesperson/customer, or in the HJTS context, doctor/patient relationship.
(Cimperman, 2013)

Appendix G: Participant Fall Risk Follow-up Letter
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Appendix H: Collective Comments from TR Survey Panel of Experts
Panelist

Review #1 comments

Review #2 comments

DB

N/A - Withdrew from panel

N/A - Withdrew from panel

KB (4)

Q1b: questioned need for specificity of
“computer” use

Q1f: Suggested rephrase from “in having
regular testing” to “by providing testing at
regular intervals.”

Q1c: suggested rephrase to emphasize
the reader/use – help “me”
Q1f: suggested change from “in having
regular testing” to “by providing testing
at regular intervals.”
Q1g: suggested change form “useful” to “
easy to use.”
Q2b: suggested change from “easy” to
“simple enough.”
Q2d: suggested change from “interaction
with” to “use of.”
Q2e: suggested change from “skillful” to
“competent and successful.”
Q5b: Commented that user should be
told that the system was secure.
Q5c: Commented that this question
should parallel any changes to Q5b.
Q5e: commented that older adults are
used to F2F care.
Q6a: Commented that “computer
anxiety” could be substituted by
“insecurity” or “apprehension.”
Overall comment: “tried to look at this
survey from the perspective of her
family/friends.
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Q2b: Suggested change from “simple
enough” to “simple for me.”
Q2c: Suggested change from “Learning to
use the TR equipment…” to “It was easy to
learn to use the TR equipment.”
Q2e: Suggested change from “skillful” to
“competent.”
Q3a: Suggested deletion of “How likely”
and change from “the system” to
“telerehabilitation.”
Q4a: Suggested change from “I believe the
benefit of consistently accessing” to “I
believe having access.”
Q4d: Suggest delete “any,” plural
provider(s), and delete “who use a
computer with their patients.”
Q5f: Suggested to add this item (approved
unanimously by all raters)
Q6a: Suggested change from “My
computer anxiety” to “Any apprehension or
anxiety about computers.”
Q6c: Suggested to add this item – “Greater
access to a PT was a good reason to start
using a computer. (approved unanimously
by all raters)

SC (5)

Q1a: Commented about the use of
“access” throughout the survey vs. “visit”
or “seeing.”

No comments or proposed edits.

Suggested change to strongly disagree <–
> strongly agree Likert scale for all items
constructs 1 through 7.
Constructs 1-2: Questioned how
participants would know if TR equipment
was useful, easy to use, etc.
Q3a: Questioned about potential HIPAA
violations with prospective end-users
asking other people.
Q3bcd: Change from “intension” to
“intention.”
Q4a: Commented about situational
insurance coverage for PT services.
Q4c: Questioned ‘what type of
advancements?’
Q6b: Commented that this item sounds
as though all participants will get was an
instruction book.
Q6c: Suggested to add this item – “I
would prefer a class to teach me how to
use the program/equipment (not
approved by raters).
MF (6)

Q1c: Commented that “falling” seemed
too specific.
Q1de: Commented that possible
redundancy with these two items.
Q1g: Suggested deletion of “equipment.”
Suggested change to strongly disagree <–
> strongly agree Likert scale for all items
constructs 1 through 7
Q2e: Commented to correct text wrap
issue with Likert scale.
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No comments or proposed edits.

Q3d: Questioned if this item was
redundant with items Q3a,b,c.
Q4d: Suggested change from “uses a
computer with their patients” to
“provides TR.”
Q5e: Commented that the item was
vague.
GH (3)

Suggested change to strongly disagree <–
> strongly agree Likert scale descriptions
for all items constructs 1 through 7

No comments or proposed edits.

Proposed need to place instructions at
beginning of survey.
Q3: Provided alternative phrasing if the
decision was to use other Likert scale
descriptors; for ex,” Rate the likelihood
that the opinion of your friends will
influence your intension to use a
computer to access a physical therapist.”

HM (1)

Made several comments and rankings
that were in favor of telerehabilitation
and technology advancements, but not
suggested edits to items or Likert scale
descriptions.

Made note of a typo in the description of
the facilitating condition construct – “to
which” was stated twice.

KS (2)

Q1e: Questioned if participants will know
what was meant by “testing.”

Q6c: Suggested addition of this item – “My
apprehension about computers will limit
my use of this technology?” (motion not
approved in favor of a different item)

Q2c: Suggested rephrasing to “It was
easy to learn to use the telerehabilitation
equipment.”
Q2d: Questioned how to quantify “clear
and understandable.”
Q3a: Suggested deletion of “how likely”
in favor of a different Likert description.
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Q4: Commented that items might be a
little lengthy for the survey.
Q6a: Commented that developing an
interpersonal relationship with a
therapist was different than computer
anxiety.
JS (7)

Missed deadline for comment and
proposal submissions.

Commented agreement with “strongly
disagree” to “strongly agree” Likert scale
description.
Q1b: Questioned whether computer access
meant video access.
Q1ef: Commented that items were similar.
Q1g: Commented about possible
redundancy with Q1a.
Q2e: Commented that this item might be
redundant with other items in construct 2.
Q3bcd: Corrected spelling of “intention.”
Q4c” Suggested change from “important
to” to “important in.”
Q5a: Suggested moving this item to
construct 1.
Q5c: Questioned whether providers or the
system was “set up with proper
precautions” or leave as “if healthcare
providers take appropriate precautions”?
Q5e: Suggested edit from “improves” to
“could improve.”
Q5f: Commented on redundancy with Q1b.
Q6a: Suggested edit from “any” to “my.”
Q6: Suggested adding a 3rd item to this
construct about technology experience.
Q7a: Suggested edit of “would” to “may.”
Q7ab: Questioned redundancy of both
items.
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Q7c: Corrected spelling of “intention.”
Q7d: Commented that this item was a
“great comparison question for other
constructs.”

Appendix I: FINAL Version Telerehabilitation Survey Instrument (Pre-Test)
NAME:__________________________________

DOB:__________________________

The following pages contain a number of statements about the use of telerehabilitation.
Telerehabilitation was defined as rehabilitation services delivered through the use of real-time
audio and video telehealth technologies. Please rate how much you personally agree or
disagree with these statements. Please circle the number that BEST reflects how YOU feel or
think personally. Please answer ALL questions using the following scale:
(0) Strongly DISAGREE
(1)
(2)
(3)
(4)
(5)
(6)
(7) Strongly AGREE
1. Performance Expectancy / Perceived Usefulness
Telerehabilitation could be a
convenient way to access a
physical therapist.

Strongly Disagree

Using a computer to access a
physical therapist will be as good
as seeing them face-to-face.

Strongly Disagree

Telerehabilitation could help me
to better understand my risk of
falling.

Strongly Disagree

Telerehabilitation will improve
access to regular testing of my
walking ability and balance.

Strongly Disagree

Using telerehabilitation
equipment will make it easier to
do regular testing.

Strongly Disagree

0

0

0

0

0

1

1

1

1

1
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Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Using telerehabilitation will save
time by providing testing at
regular intervals.

Strongly Disagree

I will find the telerehabilitation
equipment useful in my regular
testing.

Strongly Disagree

0

0

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

2. Effort Expectancy

Use of a computer will improve
communication with my physical
therapist.

Strongly Disagree

Telerehabilitation equipment will
be simple for me to use.

Strongly Disagree

It will be easy to learn to use the
telerehabilitation equipment.

Strongly Disagree

My interaction with the
telerehabilitation equipment will
be clear and understandable.

Strongly Disagree

It will be easy for me to become
competent at using the
telerehabilitation equipment.

Strongly Disagree

0

0

0

0

0

1

1

1

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

3. Social Influence
I would ask somebody I know who
already uses telerehabilitation for
opinion and recommendations.

Strongly Disagree

The opinion of my friends will
influence my intention to use a
computer to access a physical
therapist.

Strongly Disagree

The opinion of my family will
influence my intention to use a
computer to access a physical
therapist.

Strongly Disagree

The opinion of others will affect
my intention to use a computer to
assess my risk of falling.

Strongly Disagree

0

0

0

0

1

1

1

1

4. Facilitating Condition
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Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

I believe having access to a
physical therapist outweighs the
cost of purchasing a computer or
tablet.

Strongly Disagree

I believe the benefit of
consistently accessing a physical
therapist outweighs the cost of
internet service in my home.

Strongly Disagree

I believe that technology
advancements are important to
meeting my healthcare needs.

Strongly Disagree

I believe that healthcare providers
will also provide technical support
to me.

Strongly Disagree

0

0

0

0

1

1

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

5. Perceived Security
Telerehabilitation could increase
the amount of one-on-one time
with my physical therapist.

Strongly Disagree

Telerehabilitation could enhance
the security and confidentiality of
my conversations with my
physical therapist.

Strongly Disagree

The internet can be secure if
healthcare providers take the
appropriate precautions.

Strongly Disagree

Telerehabilitation could be a
reliable method of accessing a
physical therapist.

Strongly Disagree

Computer use improves the
accuracy of medical assessments.

Strongly Disagree

Computer use is as good as faceto-face medical assessments.

Strongly Disagree

0

0

0

0

0

0

1

1

1

1

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

6. Computer Anxiety
Any apprehension or anxiety
about computers will reduce once
I get to know the
telerehabilitation therapist.

Strongly Disagree
0

1
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Strongly Agree
2

3

4

5

6

7

Telerehabilitation will be easy to
learn once instructions are
provided.

Strongly Disagree

Greater access to a physical
therapist is a good reason to start
using a computer

Strongly Disagree

0

0

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

7. Physician’s Opinion
My physician(s) would
recommend telerehabilitation

Strongly Disagree

My physician should recommend
telerehabilitation

Strongly Disagree

The opinion of my physician(s)
would influence my intention to
use a computer to access a
physical therapist.

Strongly Disagree

Overall, healthcare providers that
I trust value technology
advancements.

Strongly Disagree

0

0

0

0

1

1

1

1

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Strongly Agree
2

3

4

5

6

7

Have you ever received or observed telehealth or telemedicine:  yes  no
*If yes, please explain:
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Comments about Telehealth or Telerehabilitation:
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix J: Supplemental Correlation Data
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